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THE WPB INDEX OF WAR PRODUCTION* 


By Morris A. CopELAND, JEROME JACOBSON AND HERMAN LASKEN 
War Production Board 


Y THE SUMMER of 1941 the War Production Board, then known as 
B the Office of Production Management, had developed a compre- 
hensive monthly index of the volume of munitions produced and war 
construction work done.' The index is designed to serve two functions. 
First, it measures the month-to-month movements of munitions pro- 
duction. Second, it provides the basis for over-all economic planning one 
to two years ahead. How it does the former will be seen from the de- 
scription of the method of preparing the index. Instances of the latter 
use of the index are cited below. 

The total munitions production index has been publicly available for 
more than two years. In recent months some of the broader constitu- 
ent categories have also become publicly available. But certain index 
computations which are one of the unique features of this index—and 
its most important feature for the uses that have been made of it—have 
not hitherto been made available to the public systematically or in a 
form usable by economists. 

The computations that embody the important unique feature of the 
index just referred to are projections into the future, made from various 
dates. Because of these projections the index has proven an important 
instrument of policy. Further, because of these projections experience 
with the index has important significance for the peacetime problems 
ahead. However, before considering these matters it will be well to de- 
scribe the index. 

For munitions production the index is with some exceptions, noted 
later, a physical volume index of the aggregative type.? It measures 


* The views expressed here are those of the writers and are not to be considered as official state- 
ments of the War Production Board. 

1 The index was developed and until September 1944 maintained under the supervision of Morris A. 
Copeland. For two years Herman Lasken has planned and directed the preparation and revision of the 
index. 

2 Some exceptions, in addition to ship maintenance and repair which is discussed in more detail 
below, are made where the basic data are available in expenditure form only. These exceptions consti- 
tute about 8 per cent of the total in 1944 and include such categories as direct purchases of munitions 
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production of finished munitions items broadly defined. The weights 
are unit costs, most of them as of August 1943.* In general, the unit cost 
of an item represents the cost estimate used by the services in appropri- 
ation requests, and includes, in addition to the contract cost of the item 
allowances for departmental overhead, inspection, transportation to 
first destination, and other charges incidental to final delivery. Except 
for many types of ships and for construction work, the physical volume 
measurement for each measured item represents the number of units 
completed. In general, a unit is regarded as completed when it is ac- 
cepted by the procuring service. Thus production is measured largely 
on the basis of reports from customers, not from producers. 

In the case of all but the smaller ships, production during a month 
represents “value-put-in-place,” i.e., the increase in per cent of comple- 
tion during the month for a vessel times the unit cost of the vessel. 
For war construction the index also represents value-put-in-place but 
the cost used for computing value-in-place for each project is the esti- 
mated cost of the project. Thus for construction the index is not a true 
physical volume index but reflects changes in construction costs as well 
as physical volume. 

Because the index portrays production of many thousands of muni- 
tions items it was necessary, in order to define and control the area 
covered by each segment of the index, to establish a scheme of classifi- 
cation. For warlike items this scheme conforms to the Standard Com- 
modity Classification.* The bulk of civilian type items procured by the 
armed services and for Lend-lease other than food are included in the 
group, “other equipment and supplies.” The main groups are: 





in the United States by foreign governments and Treasury procured Lend-lease items, some ordnance 
spare parts categories which are made up of thousands of small items and which the services tabulate 
only on the basis of fisca] reports, and some miscellaneous categories of the same nature. 

2A general revision of the index was made during 1943 and weights as of August 1943 replaced 
unit costs of an earlier date. The munitions unit costs used in the valuations presented here are in general 
August 1943 costs. However, there are significant exceptions to this rule. Items introduced into the 
program since August 1943 (for which no cost was available at that time) are valued at the first officially 
reported cost. Items with changed specifications are valued at estimated cost as of August 1943 taking 
account of the changes. 

Furthermore, revisions in the index valuations have been made from time to time since 1943 on 
the basis of new cost information. Thus for various items which have gone into production since August 
1943 a revised unit cost based on actual production experience has been adopted. This has involved 
revaluation of previous programs for 1943 and 1944. Again index valuations have been revised from time 
to time to substitute unit costs based on mass production experience for August 1943 costs where the 
latter included a large element of developmental costs. These revisions have in some cases involved 
back actuals as well as back programs. For the sake of uniformity all valuations here presented incor- 
porate unit cost revisions through January 1, 1945. 

4 Standard Commodity Classification, Bureau of the Budget, Washington, D. C., May 1943. The 
war program classification used in the present index replaced an earlier one, used prior to the 1943 
revision of the index. 
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1000 Aircraft 

2000 Ships 

3000 Guns and Fire Controlé 

4000 Ammunition’ 

5000 Combat and Motor Vehicles 

6000 Communication and Electronic Equipment 
7000 Other Equipment and Supplies 

8000 War Construction 

9000 Non-munitions® 

The various subgroups and the individual items were assigned num- 
bers in the usual manner. Thus 5100 is combat vehicles; 5110 is tanks.” 

The coverage of the index has been so defined as to represent the 
war product of the United States. Munitions procured from other coun- 
tries have been excluded. Production for account of other countries is 
included. The locus of production has been assumed to be determined 
by the point of final assembly. However, components shipped abroad 
as such are treated as completed items. An important omission from the 
index is represented by additions to inventories of work in process 
(other than work on ships and construction projects). 

It has been stated that the index includes not only a retrospect, but 
also projections into the future. For the retrospect there is only one 
value for the index for say the year 1944. But for the future, the index 
necessarily has a number of values for any period. This is true for two 
reasons. First, the projected value of the index for say 1945 will vary 
according to the date from which the projection was made, and accord- 
ing to changes in production plans. Second, even at the same date the 
projected index may have two or more values, because an index pro- 
jected into the future is a summary of production plans, and plans may 
be recorded at various stages of development. Yesterday’s plans formu- 
lated in general terms only are reflected in today’s more detailed plans. 
Today’s more general plans will be reflected in tomorrow’s more de- 
tailed plans. Two stages of production planning are currently available 
for many munitions programs, one representing required production, 
i.e., military needs, and one representing production that is actually 
scheduled out by the services on a plant by plant basis. The former is 


‘Includes chemical warfare items. 

* For the 9000 Group, Non-munitions, actuals are computed but this group is not included in the 
published index. The group includes all war expenditures not covered by the index—military and war 
agency payrolls (other than force account); subsistence of the armed forces and Lend-Lease food; 
procurement of munitions and construction from other countries; payments for various contractual 
services (transportation, telephone, etc.); and purchase of existing assets and additions to stockpiles 
and to war loans outstanding. 

7 Items are also classified by procuring service but this classification will not be discussed here. 
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known as “requirements”; the latter as “schedules.” Public announce- 
ments as to production programs refer, generally, to the latter value. 
Both past actuals of the index and its components and projections 
into the future have commonly been presented as dollar aggregates. 
Thus total actual production in 1944 valued at August 1943 costs was 
$64 billion. These index valuations have become familiar not only to 
technical statisticians but also to executive officers in the War Produc- 
tion Board and in other war agencies. Many officials carry in their 
heads the value of the current year’s program, and the value of last 


TABLE I 


WAR PROGRAM—MUNITIONS PRODUCTION, WAR CONSTRUCTION AND NON-MUNITIONS* 
July 1940-December 1945 
Valuations incorporate revisions through January 1, 1945 
(Millions of Dollars) 











1940 | 1941 1942 
rd Ist 2nd Ist 2nd 3rd 4th 
- Total Half Half Total Qtr. Qtr. Qtr. Qtr. 








| 
War Program—Total | 3,499 | 17,470 6,517 10,953 | 58,090 8,732 13,076 17,082 19,200 

















Munitions Production and War| 
Construction 2,785 | 13,376 5,071 8,305 | 44,297 6,560 9,909 13,283 14,545 
Munitions—Total! 1,995 8,458 3,177 5,281 | 31,570 4,655 6,803 9,088 11,024 
Aircraft 342 1,765 644 «1,121 6,285 1,022 1,387 1,750 2,126 
Ships 378 1,905 696 1,209 7,322 1,045 1,564 2,124 2,589 
Maritime 119 479 160 319 2,565 315 538 766 946 
Naval and Other 259 1,426 536 890 | 4,757 730 1,026 1,358 1,643 
Guns and Fire Control? 84 424 143 281 2,083 270 462 619 732 
Ammunition? 98 478 164 314 2,998 417 662 894 1,025 
Combat and Motor Vehicles 260 1,340 480 860 | 4,943 814 1,121 1,379 1,629 
Communication and Elec- 
tronic Equipment 27 226 69 157 1,512 139 258 439 676 
Other Equipment and Sup- 
plies 778 2,171 925 1,246 6,107 898 1,281 1,801 2,127 
War Construction 790 | 4,918 1,894 3,024 | 12,727 1,905 3,106 4,195 3,521 
Non-Munitions 714 4,094 1,446 2,648 | 13,793 2,172 3,167 3,799 4,655 





* Munitions valued primarily at August 1943 unit costs. Construction and non-munitions valued primarily at 


current costs. 
1 Includes the net change in inventory of Naval Stock Fund. This Fund includes various types of munitions. The 


amounts have not been assigned to any specific munitions categories in this table. 

? Includes Chemical Warfare Items. 
month’s production and its relation to production scheduled as of the 
first of the month. 

The nature of production plans varies from field to field, and has 
varied from time to time. At present, plans are regularly reported by 
the services for the 1000 and 2000 groups at only one stage, viz., as de- 
livery schedules. Both requirements and schedules are available for 
Army procured items in the other groups. For nearly three years sched- 
ules have been available to permit a total index for six months into the 
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future and thereafter for two or more quarters. Schedule revisions for 
most areas are reported monthly. In the early days of the program 
schedules frequently covered only work already under contract, and 
had to be “filled in” assuming production would continue at peak rates 
to the end of the projection period. But production scheduling has long 
since been developed on a basis largely independent of contracts for 
most war-like items except Navy “Communication and Electronics.” 
At various times and for various items schedules have been higher than 
seemed feasible at the date of making the projection (and higher than 


TABLE I—Continued 














1943 1944 

Ist 2nd 3rd 4th Ist 2nd 3rd 4th 

Total Qtr. Qtr. Qtr. Qtr. Total Qtr. Qtr. Qtr. Qtr. 
90, 089 20, 228 22,077 23, 226 24,558 95,570 24,374 24, 167 23,670 23,359 
64,838 14,614 16,070 16,592 17,562 64,278 16,740 16,061 15, 866 15,611 
56,381 11,839 13,615 14,658 16,269 61,315 15,895 15,308 15,144 14, 968 
12,979 2,393 3,027 3,520 4,039 16,746 4,540 4,506 4,103 3,597 
13 ,099 2,703 3,193 3,365 3,838 13 ,804 3,661 3,575 3,346 3,222 
5,153 1,038 1,272 1,287 1,556 4,660 1,229 1,147 1,125 1,159 
7,946 1,665 1,921 2,078 2,282 9,144 2,432 2,428 2,221 2,063 
3,863 854 963 1,000 1,046 3,390 950 847 814 779 
5,770 1,256 1,358 1,491 1,665 6,728 1,536 1,625 1,738 1,829 
6,515 1,397 1,609 1,743 1,766 5,369 1,419 1,226 1,283 1,441 
3,455 683 742 897-1, 133 4,185 1,102 1,055 993 1,035 
10,087 2,378 2,516 2,547 2,646 11,147 2,574 2,732 2,776 3,065 
8,457 2,775 2,455 1,934 1,293 2,963 845 753 722 643 
25,251 5,614 6,007 6,634 6,996 31,292 7,634 8,106 7,804 7,748 








subsequent actual production). To some extent, however, it has been 
possible to interpret the index so as to make allowance for such “in- 
centive scheduling.” 

In 1940 and 1941 Army requirements had been stated not as the 
amount needed during a year but as the amount needed on M-day. Such 
indefinite date requirements alone did not provide a very useful basis 
for production planning. During this early period, therefore, much re- 
liance was placed on “financed production requirements,” i.e., state- 
ments of the quantities authorized to be purchased under existing ap- 
propriations. These figures applied to a definite fiscal year. 

Requirements in the present sense of the term have been available 
for Army Service Forces items beginning early in 1942. Statements 
have covered one or two calendar years in advance of the year of state- 
ment; they represent physical quantities needed during the year less 
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opening reserve inventories. They are based on tactical and strategic 
considerations, not acts of Congress. Major revisions have been made at 
six-month intervals; minor revisions have been made in the intervening 
months. 

The first index projection, made in May 1941 and covering the year 
ending June 30, 1942, was extremely crude due to the fact that both 
reports of actual production and production plans were in the develop- 
mental stage. Subsequent improvements in reporting and in program- 
ming have made possible much more detailed and more dependable 


computations. 


TABLE II 


1942 MUNITIONS PRODUCTION AND WAR CONSTRUCTION PROGRAM 
Valuations incorporate revisions through January 1, 1945 
(Billions of Dollars) 








1942 Program as of 














1942 
1941 - 1942 Actual 
Victory 
” ge = ecm aimee Ree I aS production 
Mayl1 Nov.1 —— Feb.1 Apr. 1 
Munitions Production and War Con- 

struction— Total 20.2 27.8 40% 60.7 46.8 44.3 
Munitions—Total 16.4 21. 49.2 88.8 81.6 
Aircraft 5.2t 6.1f 9.5° 7.1f 6.3 
Ships 3.2Tf 7.3° 8.2° 7.3 
Guns and Fire Control! ( 3.3° 3.1° 3.3 
Ammunition! | 7.1* 5.3*° 3.0 
Combat and Motor Vehicles > 8.0t 11.6t 4 8.9* 6.4* 4.9 
Other? (13.1 8.7t 8.0 
War Construction (Gov’'t-financed) 3.8t 6.2t 11.5f 8.0f 12.7 





1 Includes Chemical Warfare Items. 
2 Includes Communication and Electronic Equipment, Other Equipment and Supplies, and net 


change in Naval Stock Fund. 
} The details for this program are not available for the object classification presented here. 


* Requirement. 
t Schedule. 


Thus the development of production planning in detail—of schedules 
and of statements of requirements for each item—made possible the 
development of the over-all war production index. And in turn the de- 
velopment of the index, including the projections, contributed to over- 
all production planning. 

In the fall of 1941 production scheduled for 1942 totalled about $28 
billion. This was thought by some to be the maximum feasible pro- 
gram. About this time Robert Nathan, analyzing the projections for 
1942, arrived at a much higher figure for the Nation’s potential. He 








-THe WPB INDEX oF WaR PRODUCTION 151 


estimated potential production for 1942 at $40 billion and for 1943 at 
about $58 billion.* These estimates came to be known as the “Victory 
Program.” Then came Pearl Harbor and in January 1942 the President 
directed the services to increase their programs. Actual production in 
1942 was $44 billion. 

The first tentative statement of Army requirements (in the present 
sense of “requirements”) was made in February of 1942. This when 


TABLE III 


1943 MUNITIONS PRODUCTION AND WAR CONSTRUCTION PROGRAM 
Valuations incorporate revisions through January 1, 1945 
(Billions of Dollars) 








1943 Program as of 





1943 
1941 Victory 1942 1943 Actual 
pro- produc- 





Nov. 1 gram Feb. 1 Apr.1 Oct.1 Mar. 1 tion 





Munitions Production and War Con- 


struction— Total $5.3 583 105.2 78.3 81.6 74.1 64.8 
Munitions—Total 29.2 97.2 70.3 72.7 65 .6 56.4 
Aircraft 10.9f 25.7* 16.2¢ 17.7t 17.0f 13.0 
Ships 4.0f 9.7° 31.9° 13. 14.1f 13.1 
Guns and Fire Control! ) (6.5° 65.2% 5.2§ 4.4§ 3.9 
Ammunition! t 9.7t 16.6* 11.6° 10.9* 7.6f 5.8 


Combat and Motor Vehicles 
Communication and Electronic} 


Equipment } 
Other Equipment and Supplies* 4.6f 14.2 7.0t 9.6f 10.1f 10.6 
War Construction (Gov’t-financed) 6.1f 8.0t 8.0f 8.9f 8.5t 8.4 





1 Includes Chemical Warfare Items. 

? Includes net change in Naval Stock Fund. 

¢ The details for this program are not available for the object classification presented here. 
* Requirement. 

t Schedule. 

§ Schedules and requirements are equal. 


added to the other programs gave a total of $61 billion for munitions 
production and war construction in 1942 and $105 billion in 1943. In 
the summer of 1942 Simon Kuznets estimated feasible production as 
$67} billion for 1943.° Gradually both schedules and requirements were 
revised in line with what was feasible. These revisions, by avoiding 
imbalance and consequent accumulation of stagnant component inven- 

* As originally valued the 1943 potential was set at $60 billion. For purposes of comparison with 
actual production it has been expressed here in August 1943 unit costs. The translation into 1943 unit 
costs involved no material change in the value of the 1942 Victory Program. 


* As originally valued this feasible program was stated as $75 billion. For purposes of comparison 
with actual production it has been expressed here in August 1943 unit costs. 
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tories, helped to make production larger than would otherwise have 
been possible. Actual production was $65 billion in 1943. 

For some time production-index-to-material ratios were a primary 
means of determining the general magnitude of materials requirements 
for war production. With the development of finer tools for measure- 
ment, such as the Controlled Materials Plan, it became possible to 
translate physical quantities of munitions more directly into their ma- 
terials equivalents. However, there continue to be important instances 
in which the production-index-to-material ratios continue to be relied 
upon for assessing over-all materials needs. 

In the field of manpower, too, the index has proved a valuable tool 
for economic analysis. Based on the past values of output per man hour 
with estimated adjustments for productivity changes, production- 
index-to-employment ratios were developed which helped in the esti- 
mation of the magnitude of manpower requirements for war production. 
More detailed manpower requirements data for aircraft and ships are 
now available on a plant and yard basis but for many munitions pro- 
grams production-index-to-manhours ratios continue as the guide to 
employment needs. 

As significant as such devices have been for war planning, they will 
retain similar importance during the period of partial demobilization 
just ahead. Now that the stage of a one front war has been reached and 
procurement schedules are being lowered, the extent to which war-im- 
posed controls can be generally relaxed will in large measure depend on 
over-all indications of “looseness” in the resource demand-supply pic- 
ture. Translations of the index into these over-all resource requirements 
terms will be an important aid in the derivation of the general magni- 
tudes. And how successfully these translations are made may be highly 
important for the success with which the transition from a war- to a 
peacetime economy is effected. 

An interesting extension of the index has been in combined planning 
by the Combined Production and Resources Board. A combined index 
employing United States prices as weights for production of a long list 
of munitions items in British Empire countries and in the United 
States has been available for some time. The index has provided a 
measure of the progress of combined munitions production and served 
as the guide to combined production planning. It has proven useful 
also to the Munitions Assignment Board and the Combined Chiefs of 
Staff. 

The United States index projections, subject to various allowances, 
have been used by the Bureau of the Budget in estimating war ex- 
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penditures. It may be interesting to summarize the record of the esti- 

mates. 

Fiscal year ending June 30, 1943—Estimate made January, 1942—$ 56 billion 
Estimate made April, 1942—$ 70 billion 
Estimate made January, 1943—$ 77 billion 
Actual —$ 75 billion 

Fiscal year ending June 30, 1944—Estimate made January, 1943—$100 billion 
Estimate made January, 1944—$ 92 billion 
Actual —$ 90 billion 


In using the index projections in this connection it has been necessary 
to take into account the disparity between the war program figures of 


TABLE IV 


1944 MUNITIONS PRODUCTION AND WAR CONSTRUCTION PROGRAM 
Valuations incorporate revisions through January 1, 1945 
(Billions of Dollars) 




















1944 Program as of 1944 

1942 1943 1944 Actual 

Produc- 
- tion 

Nov. 1 Mar. 1 Sept.1 Nov.1 Feb.1 Aug. 1 
Munitions Production and War Construc- 
tion— Total 79.4 79.0 75.8 71.7 70.0 67.8 64.3 
Muniticns—Total 74.9 74.6 71.8 68.0 67.1 65.0 61.3 
Aircraft 27.4¢t 26.7¢ 23.8¢f 21.4f 20.8f 18.0f 16.7 
Ships 10.1* 11.3¢ 15.5¢ 15.1f 15.5¢t 14.4t 13.8 
Guns and Fire Control! 3.4* 3.6¢ 3.8§ 3.8§ 3.59 3.59 3.4 
Ammunition! 10.8 11.4% 8.3f 7.1t 6.39 7.3t 6.7 
Combat and Motor Vehicles 8.8* 8.5° 6.3% 6.2* 5.69 5.69 5.4 
Communication and Electronic 3.3* 2.7* 4.3% 4.4* 4.69 4.89 4.2 
Equipment 

Other Equipment and Supplies? 11.1* 10.4% 9.8* 10.0% 10.89 11.49 11.1 
War Construction (Gov't-financed) 4.5t 4.4¢ 4.0¢ 3.7t 2.9t 2.8f 3.0 





1 Includes Chemical Warfare Items. 

? Includes net change in Naval Stock Fund. 

* Requirement. 

t Schedule. 

§ Schedules and requirements are equal. 

{ Some items are on a schedule basis and some are on a requirement basis. 
the War Production Board on the one hand (i.e., the sum of constant 
cost value aggregates for munitions, construction value-in-place com- 
putations and current dollar valuations for non-munitions) and on the 
other hand, the sum of Treasury war expenditures, dollar expenditures 
for war exports to foreign governments and war activity expenditures 


of government corporations. 
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The War Production Board valuations for the year ending December 
31, 1943, including non-munitions were 5.6 per cent above total war 
expenditures, including direct purchases of foreign governments as well 
as expenditures for government corporations. The valuations were 4.7 
per cent above expenditures for 1944. The differences in level and move- 
ment as between the two series may be explained on these grounds: 


1. Munitions production valuations are at constant rather than current 


costs. 
2. The timing of the two series is different due to pre- and post-payments. 
3. War expenditure data are net of price renegotiation resulting in refunds 


to the Treasury. 

4. Increases in inventories of Government Furnished Equipment—equip- 
ment purchased by the government of components later incorporated in 
final products—are not included in the valuations of the index. 

5. The unit costs used as weights for many munitions items are appar- 
ently too high and there may be a small amount of duplication between the 
valuation of the non-munitions program and the prices used for valuing 


munitions items. 
6. Some expenditures are on a net basis (e.g., War Shipping Administra- 


tion and Defense Plant Corporation). 


It is not possible to work out a satisfactory comparison of war ex- 
penditure figures and program valuations by detailed objects, because 
sufficient object detail is not available for the expenditure figures and 
because it is difficult to take adequate account of differences in timing 
and of inter-agency relationships. After making allowance for renego- 
tiation, for pre-payments and post-payments and for expenditures on a 
net basis the discrepancy for 1943 is reduced to 4.5 per cent. 

The valuation of the 1944 program as of December 1 (11 months 
actuals, 1 month schedule) was 3.9 per cent higher than the actuals 
here presented for munitions and construction for the year. The differ- 
ence represents almost entirely the revision in the unit costs for various 
aircraft models (B-29, B-32, A-26, etc.) to take account of the fact that 
these models had gone on a mass production basis.!° Other revisions 
due to unit cost changes are in process. These may reduce a little fur- 
ther the disparity between the WPB valuation and war expenditures. 

War production has come to be a major fraction of total national 
product. Thus in the third quarter of 1944 war expenditures acccording 
to the Department of Commerce represented 45 per cent of the total 
gross national product. Because of the importance of war production 
the projections of the War Production Board Index have during the 
past several years greatly facilitated projections of the total gross na- 


10 See Footnote 3 above. In general, such unit cost revisions have had a much greater effect on fu- 
ture program valuations than on past actuals. 
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tional product. Before the war such projections were necessarily largely 
a matter of business forecasting. During the war a sufficient part of the 
total production of the economy has been planned so that remarkably 
accurate projections of the Gross National Product have been made by 
various federal agencies using the War Production Board Index. 

The monthly index computations are based on a sample of items 
which comprises most of the total value of production, about 90 per 
cent in 1944. Annual physical quantity and unit cost data and total 
dollar value data on required production for practically all items pro- 
vide a basis for blowing up the sample for which monthly reports on 
actual and scheduled production are available. Since the basic data are 
not available in uniform fashion, special methods are used for preparing 
the data for the several groups and are discussed in the following sec- 
tions. 


1000 Group—Aircraft. Production of airplanes is reported in terms of air- 
frames, engines and propellers as finished items on a complete coverage basis. 
The past actual production data and the future schedules reported by the 
Joint Aircraft Committee are included in the index by evaluation of these 
items on an individual model basis. The resulting value aggregate differs 
from the value aggregate derived by evaluation of acceptances of completed 
airplanes due to differences in timing between production of engines and 
propellers and their incorporation into a completed plane, and as a result of 
the inclusion of spare and export engines and propellers in the total engine 
and propeller groups. 

The aircraft group also includes aircraft other than airplanes (such as 
gliders), airplane spare parts, and airborne equipment n.e.c. Certain remova- 
ble equipment generally considered part of a completed airplane, e.g., radio, 
radar, and armament, is excluded from this group. 

The evaluations of aircraft other than airplanes are based on complete 
reports on these items, including spares and spare parts. Actual output of 
airplane spare parts is reported as the current dollar value of shipments by 
manufacturers. Their constant cost August 1943 equivalents are developed 
by assuming that value of spare parts bears the same relation to value of air- 
frames, engines and propellers on an August 1943 price basis as on a current 
dollar basis. Schedules for spare parts are based on standard ratios of spare 
parts to complete units applied to the valuations at August 1943 prices of 
airframes, engines and propellers. Aircraft equipment n.e.c. is evaluated on 
the basis of a sample of items included in the category. The assumption is 
made that the movement of the total group is represented by that for the 
sample. Special problems in connection with this method are similar to those 
for the 3000-6000 group discussed below. 

2000 Group—Ships. This group includes ship construction and conversion 
and ship maintenance and repair. The ship construction data, except for 
some types of ships with a short building period, are on a value-put-in-place 
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basis. Actual value-put-in-place is computed on the basis of reports of per- 
centage completions multiplied by the unit costs of the vessels. Value-in- 
place schedules are computed by the use of construction experience curves 
applied to schedules of ship completion dates as received from the services. 
These are generally of the form y =x" where xz =per cent of building time 
elapsed and y = per cent of completion. Elapsed time is the number of months 
the vessel has been under construction divided by the number of months 
scheduled as the building period. For the major combatant vessels, the 
value-in-place schedules are computed by individual hulls; for most of the 
other vessels by groups using average building periods. For ships of short 
building periods, representing a small part of the total, delivery data are 
evaluated for both actual and scheduled production with no adjustments for 
building time. 

Conversions are reported on an individual ship basis and are evaluated 
as of the month of completion. Conversions represent the additional work 
required to make vessels complete for naval use after acquisition by the 
Navy, and include: (1) ships which are acquired from private sources and 
converted into naval vessels, (2) newly built ships acquired from the Mari- 
time Commission (in some instances, the work of conversion of these vessels 
is carried on concurrently with the Maritime construction), and (3) naval 
vessels requiring additional work to change their classification. 

Ship maintenance and repair is one of the few important categories in the 
War Program index evaluated on the basis of current rather than standard 
costs. The end-product in this instance is not a standard item and unit costs 
depend upon the nature of the individual repair and maintenance jobs re- 
quired. For the Navy, ratios of maintenance and repair costs to total costs 
under various appropriation titles are developed from budget estimates. 
These ratios are applied to the monthly expenditures under these titles to 
obtain the index valuations. Schedules are estimated on the basis of the 
trend of the past actuals, the derived annual figures, and judgment valua- 
tions based on a general knowledge of developments in this area. For the 
War Shipping Administration, annual data are derived from WSA fiscal 
year estimates of prior costs and future budget allowances for these purposes. 
Monthly data are derived from annual totals by prorating on the basis of 
related information and then smoothing to give the final actuals and sched- 
ules. 

3000-6000 Group—Guns and Fire Control, Ammunition, Combat and 
Motor Vehicles, Communication and Electronic Equipment. The groups com- 
monly called ‘Ordnance and Signal Equipment”’ are handled through the 
use of a technique termed the “‘blow-up”’ method. Its use is due to the 
necessity of deriving total monthly actual and scheduled data from sampies; 
total annual requirements are the only available universe controls. The 
data available a year or so ago were such that practically every minor cate- 
gory included some amount of “blow-up.”’ During the past year, however, 
the coverage of the sample data has been increased considerably, primarily 
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for Army Service Forces items. In the three ordnance groups (3000-5000) 
the ASF data are now received with complete coverage. For all services com- 
bined the sample coverage is over 90 per cent of the total for Guns and Fire 
Control, 98 per cent for Ammunition, 99 per cent for Combat and Motor 
Vehicles, and 80 per cent for Communication and Electronic Equipment. 

The basic data available for the blow-up are: monthly actual and sched- 
uled production figures evaluated for a sample number of items in each 
category, the value of the annual requirements for the sample items, and 
the value of annual requirements for the total group. If the composition of 
the sample and the annual requirements for the sample items and for the 
total group were constant, and of the evaluation of total monthly actual and 
scheduled production were for one calendar year only, a straight blow-up 
of the sample actuals and schedules could be made on the basis of the follow- 
ing assumptions: 

1. That the ratio of total annual actual and scheduled production for the 
universe to annual actual and scheduled production for the sample is equal 
to the ratio of total annual requirements for the universe to total annual re- 
quirements for the sampie. 

2. That the month-to-month movements for the sample are indicative of 
the movements of the total group. 

However, several problems complicate the procedure. The sample items 
change from month to month; the requirements for the sample items 
change; and the requirements for the universe change. Furthermore, the 
blow-up ratios (total requirements to sample requirements) generally differ 
from one year to the next and their use without adjustment would lead to 
sharp breaks in the series at the year-end. 

Most of these changes are assumed not to affect past actuals. Since the 
schedules are geared to the requirements as of the first of each month, there 
is no a priori justification for changing back actual data because of current 
changes in requirements. Nor, unless the changes in sample result in much 
greater coverage of the universe, is there justification for revising back actu- 
als because the current sample shows a slightly different trend from that 
shown by a previous sample. 

The blow-up procedure which is designed to agree as closely as possible 
with the general assumptions while taking the “complications” into account, 
can be described as follows: 

1. An average annual blow-up factor is computed for each group by 
dividing total annual requirements by requirements for the sample items, and 
this factor is used to determine the dollar amount of blow-up for actuals plus 
schedule for the year. 

2. From this total is subtracted the sum of the blow-up amounts used for 
prior months of actual production, giving the amount of blow-up for the 
remaining months of the year. 

3. An average annual blow-up factor is computed for the following year as 
under 1, above. 
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4. The amount of blow-up to be used for the balance of the current year 
is then distributed in such a manner as to provide an even slide from the 
blow-up factor for the last actual month to the blow-up level for the next 
year. In most instances the several month-to-month increments in the blow- 
up factors are made approximately equal. 

5. The sample actuals and schedules are then multiplied by the blow-up 
factors to give total monthly data. 

In a number of cases, where one or more important items covered by cur- 
rent reports are non-representative of the total, the data for these “unique” 
items are handled apart from the total group. The figures for the other 
currently reported items are blown-up to a total excluding the unique items, 
and the valuations for the unique items then added. This type of adjustment 
has been particularly important for signal equipment. 

7000 Group—Other Equipment and Supplies. This group is composed 
primarily of what might be called industrial or civilian type items which are 
procured by the military. In the main, these products are similar in nature 
to those produced for industrial or civilian uses although they may have 
different specifications (e.g., clothing). Some military type items (e.g., land- 
ing mats) are included in this group since their characteristics are such as to 
preclude their combination with other items in a separate common group. 
However, the total of these military type items included in other equipment 
and supplies is relatively small. 

The sub-categories of the 7000 group are: petroleum products, machinery 
including exports (but excluding machinery for new domestic manufacturing 
facilities which is included in the 8000 group), railroad equipment, photo- 
graphic goods (includes both equipment and supplies), clothing, precision 
and scientific instruments (excludes similar items incorporated in guns, etc., 
which are reported as part of the end-product in which they are included), 
medical and dental equipment and supplies, and miscellaneous equipment 
and supplies. 

Data similar to those received for the ordnance and signal groups are 
available for all or the major part of each sub-category other than petroleum 
products and miscellaneous equipment and supplies. The methods used for 
evaluating actual.and scheduled production for these items are the same as 
for the 3000-6000 groups. Actuals for high octane gasoline are based on 
refinery reports of shipments. Actuals and schedules for remaining petro- 
leum items are based on annual requirements distributed monthly on the 
basis of sample data. Schedules for high octane are based on estimates of 
refining capacity. The category miscellaneous equipment and supplies (7800) 
contains a final catch-all group, other miscellaneous (7840), which is evalu- 
ated largely on the basis of annual requirements of each of the technical 
services of the Army and of the bureaus of the Navy for residual items. 
The production experience and schedules of the individual services and bu- 
reaus on other items, relative to requirements, are taken as a basis for 
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estimating actual and scheduled monthly production relative to require- 
ments for this group. 

8000 Group—War Construction (Government-financed). War Construction 
includes government-financed industrial construction, non-industrial mili- 
tary construction, war housing and community facilities and miscellaneous 
projects (e.g., PAW pipeline, etc.). The data are on a current cost basis, since 
the projects are individually evaluated on the basis of contract information. 
They include under industrial construction both the buildings and the 
machinery and equipment going into the finished plants. As in the case of 
Ships, the actual and scheduled valuations are on a value put-in-place basis. 
For the actual data, they are based on monthly project per cent completion 
reports. Future schedules for value of work to be put in place are estimates 
based on the per cent completion of projects in process, on the estimated 
costs of such work, of projects to be started immediately, and of projects 
planned for the future, and on scheduled and estimated completion dates. 
Where available, a construction agency’s estimates as to the rate at which its 
work will go into place are used. In the main, however, the balance of work 
left to be done on projects under way plus work on projects to be started at 
once and in the future are translated into activity over time by means of 
construction “S” type curves. As in the case of ships these curves express per 
cent of completion as a function of per cent of elapsed building time. They 
were developed by the War Production Board in cooperation with other 
governmental agencies. They differ substantially by type of project. The 
schedules are adjusted each month for changes in specifications, in costs, 
and in expected completion dates. 


If after the war the Government adopts a policy designed to provide 
full employment, which uses as one device expenditure programs to 
balance the Nation’s Economic budget (i.e., fill up the unemployment 
gap), there will be need for Gross National Product forecast projections 
and for an expenditure program index projected into the future on the 
basis of schedules. The task may be far more difficult than that of war- 
time production programming. But there are important parallels and 
wartime experience should be helpful. 








TRAINING AT THE PROFESSIONAL LEVEL FOR 
STATISTICAL WORK IN AGRICULTURE 
AND BIOLOGY* 


By W. G. Cocuran 
Iowa State College 


INTRODUCTION 


HIS PAPER attempts to outline the kind of training that may appro- 

priately be given by colleges and universities for statistical work 
at a professional level in agriculture and biology. Since the problem of 
training is both difficult and controversial, my views are put forward 
with some diffidence. Nevertheless, this opportunity for public dis- 
cussion of training methods is most timely, for the future progress and 
usefulness of the field of applied statistics will depend greatly on the 
type and quality of training available to young persons who seek to 
enter the field. 

There are three groups of students whom the colleges may serve. 
The first consists of those who wish to earn their living as professional 
statisticians, and who are looking towards posts in agriculture, bio- 
logical or medical colleges or research institutes, or in the agricultural 
departments of federal or state agencies or of large corporations. This 
group is numerically small, and though an increased demand after the 
war seems certain, the number of careers may be expected to remain 
fairly small. This is, however, the group from whom future leadership 
is expected in the development of new statistical techniques for agri- 
culture and biology. The second group, considerably larger in numbers, 
comprises students in an applied field, e.g. agronomy, agricultural 
economics, who want to acquire such knowledge of statistical concepts 
and techniques as will be useful in their future work. Finally, there are 
many persons, employed in posts which require varying degrees of 
statistical knowledge, who can profit from occasional periods spent at a 
college for the purpose of learning recent developments in statistical 
techniques and of discussing their statistical problems. The three 
groups will be considered in turn. 


TRAINING OF PROFESSIONAL STATISTICIANS 


The decision to specialize in statistics is seldom made until the 
bachelor’s degree has been obtained. Usually when the student presents 


* A paper presented at the 104th Annual Meeting of the American Statistica] Association, Wash- 
ington, D. C., December 27, 1944. 
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himself, he has had only an introductory course or two in statistics, his 
undergraduate major having been either in mathematics or in the ap- 
plied field. There is much variation in the amount and type of this pre- 
vious training. Postgraduate training must therefore be flexible and 
must include, so far as needed, statistical theory, mathematics and the 
applied field. 

Training for students who wish to acquire a mastery of statistical 
theory will be considered first. The following topics are basic: (i) Prob- 
ability theory. Since progress in statistical research is so often hindered 
by inability to solve the distribution problems which are involved, a 
thorough training should be provided in the methods applicable to such 
problems, e.g., multiple integration, moment-generating functions, geo- 
metrical arguments and the use of conditienal probabilities. (ii) The 
theory of point and interval estimation. (iii) The theory of tests of 
significance and (iv) the bases of the common statistical techniques and 
their relationship to (ii) and (iii). In this connection, regression theory 
and the analysis of variance are worth special emphasis by reason of 
their frequent utility in biological applications. 

In such fundamental courses, I believe that it is important to include 
numerical examples in which the student applies the techniques to 
actual data. In these examples the questions should be stated in terms 
of the data and it should be left to the student to construct the appro- 
priate mathematical model, select or develop the technique needed, 
carry out the computations and submit his conclusions in a non- 
technical report. Similarly, the student should receive experience in 
handling data by such familiar devices as answering letters from work- 
ers in the applied field, submitting plans for projects which require the 
taking of a sample survey or the design of an experiment, and taking 
part in meetings where his professor is consulting with applied workers. 

It is debatable how much time should be devoted in the fundamental 
training to this type of experience in applications. Time spent on one 
subject is usually stolen from another and in this case usually from the 
mathematical theory of statistics. Moreover, such contribution as the 
statistical profession is now able to make is due in no small measure to 
advances in mathematical statistics during the past thirty years and it 
is likely that in the future the value of sound fundamental training will 
be increasingly appreciated in applied work. Nevertheless, the applied 
part of the training fulfills the very useful purposes of informing the 
student whether he will enjoy applied work and informing both student 
and professor whether he is likely to be good at it. As is well known, the 
qualities required for success are not the same in theoretical and applied 
work. Aptitude for applied statistics is not easy to define; it includes 
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an ability to distinguish what is important and what is unimportant in 
a statistical problem, a flair for making sound decisions from scanty 
data and the quality that for lack of a better name we call common 
sense. These are qualities that by no means every student possesses and 
it is doubtful whether they are developed to any great extent by 
academic training. A course of training that includes both theory and 
applications helps to direct the student towards the type of work in 
which he will be most happy and useful. 

In a college where the usefulness of statistical techniques has been 
recognized, there will be other courses, given primarily to workers in 
the applied fields, which can profitably be attended by the would-be 
professional statistician. I have in mind such topics as design of ex- 
periments, methods for taking sample surveys, econometrics, psycho- 
metrics, vital statistics and applications to engineering or industry. 

To turn to the training in mathematics, one might say “the more the 
better.” In fact, it is difficult to foresee what branches of advanced 
mathematics will be most fruitful for future developments in statistical 
theory. Even to provide a background for the techniques used in 
present-day mathematical statistics, an extensive training in mathe- 
matics is required. Advanced calculus, particularly multiple integra- 
tion, infinite series, the algebra of linear and quadratic forms, including 
operations with matrices, and an introduction to complex variable are 
essential to keep abreast of current research. Also somewhat useful are 
at least the elementary ideas in the theory of measure, algebraic geom- 
etry of many dimensions, finite groups, the calculus of variations and 
numerical methods. Since this list covers some courses which are given 
infrequently if at all in many mathematics departments, some special 
reading may be necessary in order to fill the gaps. 

For the student whose undergraduate major is in mathematics, 
training in the applied field may present somewhat of a problem. The 
training must be broad, partly because it is not wise for the student to 
restrict himself to a narrow field of specialization and partly because of 
the close interrelationships among the various fields of biology. Further, 
while fundamentals must be emphasized, some acquaintance with cur- 
rent lines and methods of research is also desirable, which implies 
attendance at the most advanced courses that are offered. The Ph.D. 
requirements at some of the agricultural colleges are well adapted for 
this situation, since proficiency is required in one field outside of mathe- 
matics and statistics and since the student’s Ph.D. committee usually 
contains two representatives from that field, who assist him in out- 
lining a course of study. 
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The studies in statistical theory, mathematics and the applied field 
should culminate in the conduct of research. The objectives should be 
to provide experience in the planning and execution of a major piece of 
original work and a test of the student’s aptitude for research. The re- 
search work should be selected and judged accordingly rather than by 
its presumed significance as a contribution to current knowledge, es- 
pecially so since such significance is often beyond the control of the 
student. Either a problem in mathematical statistics or the interpreta- 
tional analysis of complex data is suitable. 

The training outlined above is designed to befit the able student for 
work at a high level in mathematical statistics. Students from agricul- 
ture and biology may be expected to find the program very heavy 
going. Only the exceptional student is likely to attain a confident 
mastery of the advanced mathematics. The student from the applied 
field, however, will continue to fill a useful place as a professional 
statistician. Many important applications of statistics, while employing 
elementary statistical techniques, demand thorough knowledge and 
long experience in the applied field. Moreover, such students are 
usually well aware of their mathematical limitations and, thanks to 
the numerous able and generous mathematical statisticians, help in 
mathematical difficulties is now easy to obtain. Thus the postgraduate 
training should be designed to attract students from agriculture and 
biology and to equip them as completely as their mathematical capabil- 
ities will allow. This objective can be secured within the framework 
described above by recommending for the student such parts of the 
program as he can profitably undertake. As Greenwood has remarked,' 
“The advantage of excluding by severe mathematical requirements 
many quacks is bought too dear if it shuts out a single John Graunt.” 


TRAINING FOR STUDENTS IN THE APPLIED FIELD 


With students in agriculture and biology for whom statistics is of 
secondary importance, the objectives of the teacher might be stated as 
follows: (i) to teach the calculations involved in the common statistical 
techniques and in special techniques that are appropriate for the ap- 
plied field; (ii) to present as clearly as possible the reasoning behind 
each technique; (iii) to emphasize the assumptions on which each 
technique is based and its limitations. If these objectives are achieved, 
the students should be able to use their statistical equipment intelli- 
gently and should realize when expert advice must be sought. 

On account of the scanty mathematical training given in under- 


i Journal of the Royal Statistical Society, 102, p. 552, 1939. 
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graduate biology in many colleges, teaching in statistics must proceed 
at a low mathematical level. To many students even the elementary 
operations in algebra appear meaningless. With experienced teaching, 
however, I believe that surprisingly good results are obtained. A help- 
ful factor is that a greater proportion of the students are familiar with 
the phenomenon of variability than would be the case in chemistry or 
engineering. The relation between sample and population can be 
clarified by the drawing of samples, which usually creates hearty in- 
terest. The same device may be used to illustrate the generation of the 
common frequency distributions and the logical process involved in a 
test of significance. With ingenious preparation, the assumptions and 
limitations involved can also be presented in concrete terms. 

The most serious problem is that of finding good teachers. The prob- 
lem is accentuated by the fact that demands for instruction are highly 
specific. Thus students in forestry benefit much more from a course 
where the problems are those of forestry than from one where agricul- 
tural plot yields are always under discussion. Consequently the tend- 
ency in the past has been for each department to set up its own courses 
of instruction, with results deplored by many statisticians because of 
the poor quality of instruction in many cases and the complete lack of 
coordination. 

As a remedy, some colleges are considering or have initiated a basic 
course in statistics which is taken by all students from a wide group of 
applied fields. While this may be an improvement on the previous sys- 
tem and may be the best solution with present resources, the ideal 
solution will not be reached until each major department can offer a 
separate course under an instructor who is keenly interested in statis- 
tics, has the leisure and ability to follow the latest developments and 
can teach. With such an instructor available, there should be no objec- 
tion when a group of students with special interests wish to withdraw 
from the general course, provided that steps can be taken to insure a 
continuing exchange of ideas among the various teachers of statistics 
within the college. With teachers who are all lovers of the subject, such 
coordination should not be difficult to insure. I will not attempt to 
predict how soon this supply of teachers is likely to appear. With regard 
to agriculture and biology the outlook is perhaps more hopeful than in 
other fields, because of the relatively high prestige which statistics now 
enjoys. 










































TRAINING FOR PROFESSIONAL WORKERS 


In view of the rapid progress of research in statistical theory, affect- 
ing even the elementary techniques, professional workers who make 
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frequent use of statistics may find it difficult to keep in touch with de- 
velopments. This difficulty can be overcome through arrangements by 
which such workers are assigned to a college for a period of time. The 
benefits are mutual, for the college statisticians receive education in 
the current applications of statistical techniques and information about 
the important statistical questions as viewed by the user of statistics. 
For the professional worker, not the least of the benefits is the tem- 
porary freedom from the pressures and interruptions of everyday work. 
The length of the period and the type of instruction or research under- 
taken must of course be varied according to the circumstances. Two 
types of arrangement which have proved successful and which perhaps 
represent the extremes are described briefly below. 

The first is a plant science work conference conducted by the Depart- 
ment of Experimental Statistics, North Carolina State College, during 
the week of February 21-26, 1944. The conference was attended by 
agronomists from the southern states, all of whom had had considerable 
experience in handling statistical techniques. Lectures were given on 
the analysis of long-term experiments, rotation experiments and groups 
of experiments. In addition, the members presented their current and 
proposed experimental designs for discussion by the entire group and 
exchanged their experiences of the advantages and disadvantages of the 
new lattice designs. As a visitor during one day, I can testify to the 
high quality of the discussion and to the keen enjoyment of the mem- 
bers. A later conference of a similar type was held for workers in animal 
science and I understand that further conferences are planned for other 
groups of workers with some specialized interest. 

Another example is provided by the cooperative agreement between 
the Bureau of Agricultural Economics and Iowa State College. In the 
statistical laboratory at Ames, the Bureau maintains a unit devoted to 
research on sampling problems, most of which have arisen in the work 
of the Division of Agricultural Statistics. From time to time this 
Division has assigned one of its members to the research unit for a 
period which has averaged about two years. The member’s time has 
been divided between graduate course work in the college and research 
on one of the Division’s problems. The length of the period has been an 
important factor in the success of this arrangement. In two years, 
sufficient time is available for the member to become experienced in the 
use of the newer statistical techniques and to engage in research prob- 
lems which are relatively broad and complex, whereas a brief stay 
would permit only research of a simple and routine nature. 

It is worth emphasizing this point that the length of stay at the 
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college merits careful consideration. Persons who are already experi- 
enced statistically and who resolve many of their statistical difficulties 
without aid can profit greatly from a brief period of discussion or 
instruction. On the other hand, persons who lack statistical training 
cannot be taught more than a series of ill-digested working rules in a 
course lasting one or two weeks. In fact, there is no method for acquir- 
ing statistical competence without concentrated effort over a long 
period of time. In an organization which undertakes work of a statis- 
tical nature, it would therefore seem wise to insist on a fundamental 
training in statistical theory when recruiting employees, rather than 
to expect the employee to acquire the necessary knowledge in the 
course of his work or in short courses of instruction. 


SUMMARY 


Colleges and universities may appropriately provide three types of 
training: (i) training for students who wish to become professional 
statisticians; (ii) training for students in agriculture and biology who 
wish to acquire an intelligent grasp of current statistical reasoning and 
techniques; (iii) training for professional workers who wish to keep in 
touch with recent developments. 

For the would-be professional statisticians, the training should in- 
clude mathematics, mathematical and applied statistics and some 
broad, fundamental courses from the applied field which the student 
selects. The training should be sufficiently flexible to cope with as- 
pirants from both the mathematical and biological fields and should 
culminate in the conduct of research. 

Although at present the teaching of statistics to agricultural and 
biological students must be carried out at a low mathematical level, 
it is possible with experience and ingenuity to make clear not only the 
computational processes, but also the nature of statistical reasoning 
and the limitations of statistical techniques. The primary obstacle to 
an improvement in the quality of such teaching is the dearth of teach- 
ers who are keenly interested in statistics and have the leisure and 
ability to follow the advances in statistical theory. 

Two examples are given of the type of service which colleges can 
render to professional workers. It is emphasized that the amount of 
time to be spent at college by the professional worker should be chosen 
with care. 
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TRAINING TO SUPPLY THE DEMAND* 


By Francis G. CoRNELL 
U. 8S. Office of Education 


O ASCRIBE to organized education a significant role in processes of 

matching people and jobs is to accept for education a utilitarian 
purpose. This paper is prepared on the basic assumption that persons in 
various statistical occupations, regardless of how these occupations 
may be defined, may receive through formal schooling those educational 
experiences which will contribute directly toward efficiency of per- 
formance in an occupation. The proposition, in its simplest terms, is: 
To supply the needs of business, government, industry, and research 
in various fields, with the proper number of persons with the right 
amount and kinds of preparation. This involves two major, though 
not unrelated, approaches. One is providing an adequate program of 
guidance. The other is securing continuous adaptation of the cur- 
riculum to vocational needs. 


THE GUIDANCE PROGRAM 


The occupation, “statistician,” or “statistical worker,” or whatever 
it might be called, represents no readily definable, unique field as is the 
case with some of the professions. Hence, there is not available as there 
is for some fields such occupational information as will help persons 
make occupational choices and as will assist others in planning pro- 
grams of education and training.’ Without a good statement of what 
an occupation is, it is futile to attempt occupational counseling with 
reference to it, not to mention to provide the right kind of training for 
it. 

Experience with headway made in other fields suggests that what is 
important is not what the statistical occupations may be called, but 
what the persons do who are employed at them. For guidance pur- 
poses, a useful classification of statistical workers might be one in 
which statistical occupations were grouped in families differentiated as 
to types of duties performed and as to levels of performance required. 
Thus a person whose job required work with index numbers 90 per cent 
of his time on a difficulty level of “B” would be classed with another 
whose job was 90 per cent index numbers and also on a level of “B.” 
Similarly, we might wish to class together two individuals working in 

* A paper presented at the 104th Annual Meeting of the American Statistical Association, Wash- 


ington, D. C., December 27, 1944. 
1 See, for example, U. S. Office of Education Guidance Leaflets on Law, Medicine, Dentistry, Jour- 


nalism, Pharmacy, Nursing, Chemistry and Chemical Engineering, Optometry and Osteopathy. 
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such divergent fields as education and agriculture if both were engaged 
upon advisory and consultative responsibilities involving the broadest 
range of types of applications of statistical and biometric methods. 

It would probably be best not to draw the distinction between what 
is to be included in statistical occupations, and excluded as lower-level 
clerical occupations, too far up the line, because experience is one of 
the best tests of occupational competence and we may expect more and 
more of our workers on professional and semi-professional levels to 
come up from the ranks as larger numbers of persons are required in 
work of this type. 

Once the occupation is defined, other types of specific information 
regarding statistical workers of various sorts are needed to round out 
the picture for good supply and demand matching. Included would be 
the number of persons now employed in the various levels and fields, 
the current and probable demand or need in each, and also for each 
category; the specific tasks performed, special qualifications, amount 
and kind of general and special education required, schools and colleges 
where training may be received, opportunities for advancement, re- 
lated occupational fields, earnings, and work conditions. Much head- 
way has been made in this direction in some occupational fields. There 
appears to be no insuperable difficulty in doing the same for statistical 
occupations. 

So much for determining the demand. Equally important is an ex- 
amination of the supply. In democratic society, at least under peace- 
time conditions, the individual has the freedom of occupational choice. 
It is the task of guidance to prepare the individual for the wisest 
possible choice not only through acquainting him with facts concerning 
occupations which are of interest to him, such facts as we noted before 
about statistical workers, but also, facts about himself. The latter calls 
for inventories of abilities, aptitudes and interests. With these, given a 
key to the attributes required of the particular statistical occupation, 
the individual, through the assistance of occupational counseling, is 
able to determine within limits whether or not he would be a square peg 
in a round hole. Guidance also consists of assistance in the selection of 
training courses and institutions, placement, followup of progress after 
placement, and such other measures as may be necessary to bring about 
optimum occupational adjustment. The guidance counseling is most 
frequently undertaken by persons not trained in statistical work. 
Counselors need specific facts on attributes required for statistical 
occupations. 

The importance of all these matters cannot be overemphasized in 
our efforts to avoid planlessness in the development of educational 
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programs. It is, of course, as true of many occupational areas as it is of 
statistics. There are untold amounts of economic waste as a result of 
persons on the job who are not adequately trained, and who should 
have had and who might have had proper training. There is likewise 
waste in time and money spent in pursuing educational preparation for 
some occupation in which employment is not subsequently secured. 
It is not enough to rationalize these educational misfits by calling upon 
the theory of formal discipline by crediting such education to genera] 
training. Many young men and women drift into occupational choices 
for which they are not suited. The “washout” rate of professional 
schools and colleges is evidence of this. 


CURRICULUM DEVELOPMENT 


Much of what is needed for adequate guidance is needed for de- 
termining the character of training programs. Ideally a thorough pro- 
gram of guidance would automatically predetermine the character of 
training programs. If choices of careers are made upon careful analysis 
of the pertinent facts indicated above either among potential candi- 
dates for entrance into a given institution or among actual entrants at 
various stages in their progress through that institution, curricular 
offerings, courses and course content, can be determined by student 
need. Often students are forced into the mold of the curriculum. The 
curriculum should be molded to fit the students. In a sense, guidance 
may serve as a balance wheel in the control of supply and demand. As 
the demand decreases in certain fields, fewer individuals are selected 
for training in those fields and curricular offerings are withdrawn, and 
vice versa. 

The major implications of the supply and demand problem to train- 
ing may be summed up in the word “flexibility.” This is a notion not 
too prevalent in the actual practice of planning educational programs 
whether for training statisticians or others. However, schools and 
colleges, during the past four years, have had some experience with the 
very fluid programming of training to meet demands of the war 
emergency. Much of this has involved acceleration and narrow types 
of training not considered adequate for long-term educational pro- 
grams, but it illustrates the principle of educational adaptability to 
training needs. Many new courses, from those in quality control to 
those in electronics, were established virtually overnight. The curricular 
offerings in a given institution at one time differed radically from what 
they had been a few weeks before.” 


2 Cf. Annual Report of the United States C ssi. of Education for the Fiscal Year Ended June 
30, 1944. 
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The idea of adapting instruction to needs suggests planning training 
in statistics, not upon logically organized subject matter, not upon the 
textbook or the course catalog, but upon a broad conception of needs 
of the individual. There is a vast realm of uncertainty or uncontrolled 
variability within which this might or might not be done. In the first 
place, there are limits within which an individual may be classified 
occupationally prior to employment. In the second place, there are so 
many occupational levels and so many fields in which statistical 
methods may be used that training prior to employment cannot be too 
specific. In the third place, many of the specialized statistical occupa- 
tions, particularly those on lower intellectual levels, require little or no 
preemployment training. 

This suggests that, in matching jobs with properly trained persons, 
we should look to training after employment, for only at that time, in 
many cases, will the occupational choice have become crystallized and 
the specific requirements of the job become fully known. This suggests 
also the desirability of cooperative programs in which work part-time 
and school part-time can keep the training geared to job requirements, 
as well as interneships, and other devices for providing, in addition to 
sheer theory, genuine work experience to which it may be related. 

Another implication is greater flexibility in the kinds of courses so 
that individual needs might more adequately be met. In addition to 
long-term programs involving years of undergraduate and postgradu- 
ate study, and semester or quarter courses, there would be on a “de- 
mand” basis, short-term courses to meet the needs of various groups. 
The solution might be an informal laboratory type of what is some- 
times called extension training, which would enable individual workers 
on the job to sit under the counsel of an expert instructional staff to 
pursue a specific problem or to master some special related technique 
needed. Provisions could also be made for refresher training on all 
levels to enable persons to keep up with the rapidly developing science 
of statistical method. This kind of training would have to be adapted 
to existing and developing patterns of educational organization. Two 
possibilities in this connection are worth noting. One is the provision of 
technical training on levels not requiring college graduation. An educa- 
tional development of current interest is that of vocational-technical 
training of this type.* While the emphasis to date on this type of 
education has been in the industrial fields, the idea is as applicable to 
technical-business education, technical-agricultural education, and 
others. Another is the provision of what we might call “vocational- 




























2U. 8. Office of Education, Vocational-Technical Training for Industrial Occupations, Vocational 
Division Bulletin No. 228. 
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related statistics,” adapted to specific vocational fields in which the 
individual is primarily a physicist, a chemist, a personnel specialist, or 
something else, but not a statistician. What is suggested here is a much 
finer breakdown of the field than the broad groupings of such things as 
econometrics, psychometrics, biometrics, educational statistics, and 
business statistics. 

There are many non-vocational needs for statistics in our educational 
programs, just as there are for the other sciences. They need not con- 
flict with the practical concept which is the subject of this paper. Does 
the foregoing mean that the statistical content of our curricula must be 
thinned down? Does it mean that practical ends must outweigh the 
intellectual demands for improving a pure science? I think not. What 
I have in mind is a broadside approach to greater use of statistical 
techniques on all levels of human activity. It means training more 
people on more levels and training them better. What is needed is the 
leavening of the entire structure with the very useful tools of statistical 
method. For this to be accomplished, one must presuppose a greater 
field of application of the method in all phases of human activity and a 
need for better training and upgrading all along the line. 








ON THE TRAINING OF STATISTICIANS* 


By MILton pa SILva RopRIGUES 
National Statistical Council, Brazil 











T MUST BE SAID, at the beginning, that the few remarks I am going 
to offer do not constitute a criticism of the opinions voiced by the 
speakers. They are a summing up of some conclusions toward which it 
seems my work here is leading me. 

From a certain standpoint, it seems reasonable that the teaching of 
statistics be conditioned by what is expected from statisticians in their 
actual jobs. If we are to adopt this point of view, a classification, how- 
ever rough, of the various categories of statistical personnel must be 
attempted, prior to any consideration concerning the actual organiza- 
tion of courses of instruction which are expected to qualify persons for 
those technical occupations. 

A classification of that sort was made to meet the needs of an inquiry 
which the Inter American Statistical Institute has sent to directors 
general of statistical bureaus and university professors of the various 
American countries. It certainly has, as all classifications, many points 
open to criticism; but let us take it simply as a “working hypothesis.” 

Roughly speaking, we can distinguish among statistical personnel 
one part constituted by enumerators or interviewers, coders, punchers, 
verifiers, tabulating machine operators, drafting clerks and computers 
on the one hand, and on the other a “staff” constituted by those more 
or less highly qualified officers who are, generally speaking, responsible 
for all the work done by the former, besides themselves doing a good 
amount of personal work. 

Three important categories form this staff: The “mathematical stat- 
istician,” the “statistical analyst” and the “statistical supervisor.” In 
what concerns the first it seems beyond doubt that a thorough knowl- 
edge of mathematical statistics, with all the background of pure mathe- 
matical knowledge it implies, must constitute a requirement for ad- 
mission. Instruction, in courses aiming at the preparation of such highly 
qualified professional men, should not only impart the basic theoretic 
knowledge which can be given in a course of at least two years. It 
should also train the student for research work, by the actual treatment 
of theoretical and practical problems. This is already being successfully 
done in this country, as I know. Students for such courses would be 
recruited, perhaps evenly, both among mathematics students and stat- 
isticians already qualified for other kinds of work. 








































* A discussion presented at the 104th Annual Meeting of the American Statistical Association, 
Washington, D. C., December 27, 1944. 
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As for statistical analysts, the problem of training is more difficult 
to solve than for mathematical statisticians. We must remember that 
these professional men are supposed not only to know statistical meth- 
ods but also to master some definite subject matter field, such as eco- 
nomics, education, public health, agriculture, etc. Obviously they can- 
not be at the same time (except, perhaps, for geniuses) very good 
statisticians and very good professional men in their particular field. 
We must also remember that in the different problems which arise in 
the statistical treatment of scientific research, the comparative amounts 
of statistical and special field knowledge which are called for may be 
very different. It seems, therefore, that in this category we should ad- 
mit the existence of “levels” of statistical qualification and levels also 
in the corresponding training courses. On the other hand, these courses 
should be organized in such a way that they permit the already active 
statistician to attend them, whenever looking for a complement of pro- 
fessional culture. 

There is, it seems to me, a steady drive towards raising the require- 
ments in statistical knowledge of statistical analysts. In fact statistical 
techniques progress very fast; a good deal of them become quickly 
obsolete. If generally we do not require from a statistical analyst that 
he be a very good scholar in statistical methods, we do require that he 
be able to review his statistical training in order to bring it up to date; 
and this surely requires in turn a certain background and innate ca- 
pacity. In addition, we must also remember that there is already com- 
petition among professional statisticians in the more advanced coun- 
tries of the world, and perhaps the time is not far off when poorly 
qualified statisticians will not find occupation at all. 

The distinction between statistical analysts and statistical supervi- 
sors is a necessary one, from the standpoint of their different qualifica- 
tions, as the latter are involved with administrative work for which 
they must be qualified. Nevertheless, the definite separation of those 
two classes is not yet made in the majority of services, as it does not 
exist in the less developed countries. As the practical need for statisti- 
cal supervisors is greater than for statistical analysts, the work of the 
latter is very often done by the former. It is a pity, but specialization 
cannot be forced; it must be called for. Notwithstanding, it seems to 
me that it is the duty of professional organizations to call attention 
to the necessity for specialization, as it could be overlooked for many 
reasons, long after the need for it had arisen. It is obviously necessary 
that statistical supervisors in their training courses become familiar 
not only with all practical problems which may arise in dealing with 
statistics, but also with the organization of the statistical services, the 
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kinds of data they gather and the methods they make use of in order to 
analyze them. Otherwise, a period of practice should be asked from 
recently appointed graduates. 

Now, there are two questions for which solution the standpoint 
adopted thus far would be not only useless, but dangerous. I mean the 
training of intended statistics teachers and the teaching of statistics not 
as a tool for definite professions, but as an element of general culture 
with the far reaching purpose of building up the modern scientifically 
minded man. The teacher of statistics, besides having the high qualifi- 
cations either of the mathematical statistician or the statistical analyst, 
must possess that innate creative power, that restless desire for the 
better which makes it possible for man to build science and to build up 
the minds of other men. 

As for the teaching of statistics with a liberal purpose, it seems to 
me that the major problem is to avoid, at the same time, a premature 
specialization and a “reader’s digest” type of culture. The approach 
which from the beginning ties a theory to a unique field of application 
is likely to deprive the subject matter of its value as an element of gen- 
eral culture, for which purpose it ought to be viewed in its universality. 
Plenty of examples taken from different fields would illustrate basic 
methods; and, if emphasis is put on the methods, rather than on the 
particular types of problems they solve, we could avoid superficiality 
without taking too much time from the students. 











WARTIME CHANGES IN URBAN WAGE RELATIONSHIPS* 


By Rosert J. Myers 
U. S. Bureau of Labor Statistics 


occur in the postwar period, the nature of the wage structure will 
exercise enormous influence. Wage relationships among localities, in- 
dustries, and the various segments of the labor force will help to de- 
termine plant location, population movements, who works, and what is 
produced. They can facilitate the orderly return to a peacetime econ- 
omy or can cause serious unemployment, lead to prolonged industrial 
warfare, and deprive the consumer of goods and services that are im- 
portant to his health and comfort. 

Whether in the interest of individual benefit or of public control, it 
is important that postwar planning take account of the nature of cur- 
rent wage relationships and the extent to which they differ from those 
of peacetime. The first of these considerations involves the question 
whether existing wage differentials will promote or obstruct the de- 
parture of millions of workers from the major war centers and war 
industries and their return to peacetime jobs. The second concerns the 
dependability of prewar experience as a guide in National planning, 
plant location, employment counselling, etc. The disclosure of drastic 
changes moreover, may give warning of threatening economic malad- 
justment. Although these questions obviously involve many aspects of 
wage structure, the present paper deals with only one, namely intercity 
differences in the level and trend of wages. 


I: THE DRASTIC translocation of employment that can be expected to 


MAGNITUDE OF INTERCITY DIFFERENCES 


Marked differences in the wages paid in individual cities have been 
revealed by a number of studies of wage rates and union scales in 
single occupations or industries. Probably the first attempt to measure 
differences in the general level of urban wage rates, however, was made 
possible by the collection of voluminous wage statistics for use in the 
wage stabilization program. In an exploratory analysis of these mate- 
rials the Bureau of Labor Statistics has arrived at separate indexes of 
manufacturing and nonmanufacturing wage levels as of early 1943 for 
most cities of 250,000 population or more. The index for manufacturing 
industries is based on wage rates or straight-time average hourly earn- 
ings in 26 carefully defined occupational classifications and the index 


* An adaptation of a paper presented at the 104th Annual Meeting of the American Statistical 
Association, Washington, D. C., December 28, 1944. 
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for nonmanufacturing on similar data for 9 classifications. In com- 
bining these data into composite indexes each occupation was given 
the same weight in every city. The index numbers consequently reflect 
differences in the rates of pay for identical or closely similai work. 

The results of a study of this type must be interpreted with caution. 
Because it is based on occupations that are found in all cities it does 
not reflect directly the rates paid in characteristic occupations in local- 
ized industries, such as petroleum refining and the manufacture of 
rubber and textiles. The indexes for both manufacturing and nonmanu- 
facturing, moreover, are greatly influenced by a few industries for which 
wage data were readily available. A number of rough tests, however, 
have supported the general reliability of the indexes and they are pre- 
sented in Table I as background for the remainder of this paper. 

Although these figures may exaggerate or understate the wage levels 
of individual cities? somewhat, they leave no doubt that the differences 
from city to city in early 1943 were very great. In both of the composite 
indexes, and in the index numbers of common labor entrance rates pre- 
sented for comparison, the wage level in the highest-wage city appears 
to have been about twice as high as that in the lowest-wage. Examina- 
tion of the figures brings out the following additional important facts: 
(1) All three of these measures reflect the regional differences that have 
long characterized American wage structure, showing the highest wages 
on the Pacific Coast and about the eastern end of the Great Lakes and 
the lowest in the South; the low level of manufacturing wage rates in 
New England will also be noted. (2) All of the highest-wage cities are 
important centers of heavy war industry and all are highly unionized. 
(3) The two indexes of manufacturing wage rates correspond rather 
closely* but both differ in important respects from the index of wage 
rates in nonmanufacturing. Further analysis reveals that (4) the differ- 
ences in wage rates disclosed by these indexes show little relationship to 
differences in the retail cost of a maintenance level of living at about 
the same period.‘ 

Although the material presented in Table I relates exclusively to 
large cities, a number of studies have demonstrated that wage levels 
in such cities tend to be slightly higher than those in smaller communi- 


ties in the same regions. 


1 For a discussion of the method of analysis and the significance of the results see Louis M. Solo- 
mon, “Intercity Variations In Wage Levels,” Monthly Labor Review, August 1944. 

2 Most of the urban areas referred to here and in later sections of this paper include suburbs or 
other neighboring cities in which wage levels have been found to approximate those of the central city. 
For convenience of expression, however, they are at times referred to as cities. 

3 The coefficient of correlation is .89. Common labor rates are not used in the composite index, but 
both series are considerably influenced by wages in the metalworking industries. 

4 Cf. Solomon, op. cit., p. 243. 
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m- URBAN WAGE TRENDS BEFORE STABILIZATION 
en The striking differentials in wage rates illustrated by Table I do not, 
ect of course, imply equal differences in labor cost or in worker incomes. 
Variations in wage rates may be largely offset by differences in the 
yn, 
es TABLE I 
al- INDEXES OF THE LEVEL OF WAGE RATES IN SELECTED URBAN AREAS, 
SPRING-SUMMER, 1943 
of (Average, all areas = 100) 
u- — 
ch Manufacturing Nonmanufacturing 
or, Area Composite index Index based on Composite index 
e- based on 26 occu- | common labor based on 9 occu- 
pational groups entrance rates pational groups 
Is RE ee ore 131 129 116 
EE ern enee ee 127 116 104 
es Eo sg ctadeeekaedene 117 129 121 
te Seattle, Wash........... chnewe 116 126 136 
San Francisco, Calif............. 114 129 135 
C- EE ee rere 113 112 105 
rs bs cetenanen-oe 111 106 110 
PE En nccstcdenennce 107 102 103 
A- Los Angeles, Calif.............. 103 111 114 
3: OE eee 102 99 106 
Oe re 101 94 100 
e PE GS, Bian cc ceccesesce 100 103 88 
$ SE Bs Duvcpasevedaceces 100* 94 t 
Ee ca cp ava eueiee ie 99 101 115 
d  iccctcassonsannes 99 101 112 
n Washington, D. C.............. t t 102 
Cincinnati, Ohio..............--| 98 82 101 
e Columbus, Ohio..............+. 98 90 95 
Minneapolis-St. Paul, Minn...... 98 102 100 
eC... sa sehecakeuee 94 98 93 
r a as ene senne ed 92 81 86 
> PR. DE Mond cwesesscences 92 95 102 
‘ nds ann ew une b ae 90 88 83 
. a ear a aig ae aes 87 86 88 
) SS are roe 86 90 100 
ESS peer ee 86* t 90 
) Birmingham, Ala............... 78 78 t 
NN Se i a Casas wwe 76 87 8&0 
CRE. BO ccc ccenecenss t t 73 
PE csc dsnecedwas t t 72 
in canes egncenneee de 70 63 t 
San Antonio, Texas............. t t 70 

Source: Louis M. Solomon, op. cit. and “Hourly Entrance Rates of Common Laborers in Large 
Cities, Spring and Summer of 1943,” Monthly Labor Review, April 1944. 

* The index numbers for New York City and Denver were not included in the original list and have 
been estimated for present purposes from limited, special data. These figures were not taken into ac- 
count in determining the base. 

t Data not available. 
efficiency of labor or management, the regularity of work, the oppor- 
tunities for supplementary income, or other factors. Under such cir- 
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cumstances substantial wage differentials might be entirely consistent 
with a balanced economy and full employment, and might persist for 
a very long time. To what extent the differentials just observed were 
actually offset by compensating factors is unknown. If they existed at 
the outbreak of the war, they undoubtedly played an important part 
in drawing workers to the major war production centers and, if still in 
existence at the end of the war, they will probably impede a return 
migration. 

From the standpoint of postwar economic readjustment, however, changes 
in urban wage relationships since the last period of civilian production are 
probably of greater importance than the nature of such relationships at any 
given time. The remainder of this paper, therefore, is devoted to a dis- 
cussion of the nature and extent of these changes. 

Information regarding the movement of wage rates in individual 
cities in the early war years is regrettably scanty and is limited largely 
to manufacturing industries. Wage increases during this period were of 
considerable importance, however, for a flood of war contracts stimu- 
lated competitive bidding for labor and, during most of the period, 
the authority of employers to raise wages was unrestricted. From Janu- 
ary 1941 to April 1943 manufacturing wage rates® in all urban areas 
combined rose by about 20 per cent and the monthly rate of increase 
was more than twice as high as it was during the latter part of 1944. 

The best available gauge of wage rate movements in individual urban 
areas during the early war years is the weighted average of straight- 
time average hourly earnings in identical manufacturing establish- 
ments. The data at hand permit comparison of average hourly earnings 
in January 1941 and August 1943 for several thousand establishments 
in places of 250,000 population or more.® The original gross figures have 
been roughly adjusted to remove the influence of premium overtime 
payments and each establishment has been assigned a constant weight, 
proportionate to its employment in August 1943. The various industries 
(major industry groups) have also been given constant weights based 
on their estimated total employment in the given city in late 1943. 


5 Although the Stabilization Act was passed in October 1942 the War Labor Board's organization 
was not sufficiently complete to administer the wage provisions of the act effectively until the following 
spring. The President's “hold-the-line” order was issued in April 1943 and most of the Board’s “wage 
brackets” are based on wage data representing that month. 

* This measure was made available by Alexander Sturges and Abe Rothman from unpublished 
materials under analysis in the Division of Employment Statistics of the Bureau of Labor Statistics. 
The establishments studied are part of a larger number that report employment and payroll statistics 
to the Bureau monthly; only establishments in existence and reporting to the Bureau during both of the 
months studied, however, were included in this special analysis. 

The urban areas represented in this material are the census metropolitan districts of 1930 and in 
some cases include large populations outside the limits of the central city; this is particularly true with 
respect to Boston, Cincinnati, Los Angeles, New York City, Pittsburgh, Providence, St. Louis, and 
Kansas City. The number of establishments studied varied from 48 in Memphis to 2,431 in New York. 
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Undoubtedly the adjustments and controls that have been applied in 
the analysis of these figures have greatly increased their reliability for 
purposes of measuring trends in wage rates. Unfortunately, however, it 
has been impossible to make correction for mounting premium pay- 
ments for late shift work, the increased productivity of workers paid 
on an incentive basis, changes in occupational structure and the com- 
position of the labor force, and certain other factors, On the whole, the 
data tend to exaggerate the increase in basic wage rates during this 
period. In some cases, however, particularly where simplification of 
processes and the substitution of female for male workers have been 
common, straight-time earnings have risen less rapidly than wage rates. 
The data for leading industry groups in a few cities are rather thin, 
moreover, permitting wage changes in a few large establishments to 
dominate the trends for entire cities. 

For all urban areas combined the available standard of measurement 
appears to overstate the rise of wage rates by about 6 percentage 
points. This overstatement, if it applied equally to all cities, would not 
seriously interfere with a study of intercity wage relationships. The ad- 
ditional error (upward or downward) in the figures for individual cities 
cannot be measured statistically, but it is undoubtedly small in the 
majority of cases and probably amounts to more than 7 percentage 
points in only 1 or 2 instances.’ 

In view of the influence of fortuitous factors on the increases com- 
puted for some cities, the presentation of individual percentage changes 
would be unjustified. In Table II, however, the larger American cities*® 
are classified by general range of increase in straight-time earnings dur- 
ing the 32-month period. 

Probably the most striking feature of this table is the similarity of 
the increases shown for many of the cities. Approximately half (14 out 
of 31) show increases of 25 to 29 per cent and about two-thirds (19) are 
concentrated in the comparatively narrow range from 20 to 29 per cent. 
Since no attempt has been made to adjust this classification for random 
errors apparent in some cases, the dispersion of this distribution is 
probably exaggerated. It seems evident, therefore, that intercity wage 

7? The reliability of straight-time hourly earnings as a measure of wage rate changes in individual 
cities has been tested roughly by a comparison with general wage rate increases reported by several 
thousand manufacturing establishments in these cities and with changes in common labor entrance 
rates. Because of inherent defects in their nature and, in the case of the entrance rates, incomparability 
of the 1941 and 1943 data for some cities, neither of these additional measures is satisfactory as a general 
gauge of changes in intercity wage relationships. Nevertheless, they have provided valuable guidance 
regarding wage movements in individual cities and in testing general conclusions. Account has also been 


taken of the trend of wage rates in certain dominant war industries, such as shipbuilding and aircraft 


manufacture. 

8 With the exception of San Antonio, Texas, and Washington, D. C., this table includes all cities 
of 250,000 population or more. Data for Oakland are included with those for San Francisco, and data 
for Jersey City and Newark with those for New York. 
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trends during these years of feverish war activity showed rather re- 
markable similarity. 

Eight cities showed increases of 35 per cent or more and supplemen- 
tary evidence is available to confirm the relatively high rank of most of 
this group. Examination of this list discloses a disproportionate repre- 
sentation of cities in which low wages prevail. Five of the cities showing 
the greatest wage increases are in the South or in New England and all 
of these paid wages below the average, even at the end of this period.® 


TABLE II 


THIRTY-ONE URBAN AREAS CLASSIFIED BY PERCENTAGE INCREASE IN STRAIGHT- 
TIME* AVERAGE HOURLY EARNINGS IN IDENTICAL MANUFACTURING 
ESTABLISHMENTS, JANUARY 1941-AUGUST 1943 























20 to 24 per cent 25 to 29 per cent 30 to 34 per cent | 35 per cent and over 
Columbus Atlanta Baltimore Cincinnati 
Milwaukee Birmingham Boston Cleveland 
Minneapolis-St. Paul Buffalo Chicago Dallas 
Portland Denver Detroit Los Angeles 
Rochester Houston Louisville 

Indianapolis Memphis 
Kansas City New Orleans 
New York Providence 
Philadelphia 

Pittsburgh 

St. Louis 

San Francisco 

Seattle 

Toledo 








* Excludes premium payments for overtime but not those for work on late shifts. 


It is of interest to observe that manufacturing wage levels in 2 of the 
remaining 3 cities, Cleveland and Los Angeles, were near the average 
for all large cities at the beginning of the war and well below the levels 
to be found elsewhere in their respective regions. These cities, of course, 
are of great importance in the manufacture of aircraft, aircraft parts, 
machine tools, and other equipment for which the early war demand 
was particularly urgent. 

No particular significance appears to attach to the cities at the other 
end of the scale, of which only 2 registered gains as low as 20 per cent. 
It is important to mention, however, that the relatively small increase 
shown by Portland resulted in part from simplification of processes and 


® The smaller wage increases indicated for 3 other cities in the deep South justify special comment. 
The figures for Houston probably understate the rise of wage rates during this early period, since data 
for shipbuilding are not included; Houston wage levels were already higher than those in most other 
southern cities at the beginning of the war, however, and it is doubtful whether they increased as much. 
Prewar wage levels in Atlanta and Birmingham were relatively low, but reference to several other 
measures of wage trends fails to reveal any evidence of large wage increases in these cities during the 
early war years and it is probable that they lagged behind the rest of the South. 
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the employment of large numbers of unskilled workers (especially in 
shipbuilding) in that war production center. In terms of general wage 
increases reported and of increases in common labor rates Portland 
ranked above the average. 

There is no convincing evidence that abnormal increases were 
granted in the major war production centers during this period. Cleve- 
land and Los Angeles are exceptions, as has been seen. But wage in- 
creases in Detroit, Toledo, Buffalo, Seattle, Portland, San Francisco,'® 
and other centers appear to have clustered about the average." 


WAGE TRENDS IN THE STABILIZATION PERIOD 


For the period subsequent to April 1943 fairly reliable information is 
available in the form of a new index of urban wage rates, developed by 
the Bureau of Labor Statistics. This index is based on the study of pay- 
rolls in some 7,000 identical establishments, weighted to represent the 
industrial structure of the respective urban areas. Issued semi-annually, 
it measures changes in actual wage rates (or the straight-time hourly 
earnings of incentive workers) in representative occupations. Because of 
the nature of the data obtained and the extensive use of constant 
weights the index is not affected by premium payments for overtime 
or work on late shifts, is free from the influence of changes in occupa- 
tional or industrial structure and the geographic distribution of indus- 
try, and is relatively uninfluenced by changes in the composition of the 
labor force.'” 

Percentage increases in wage rates from April 1943 to October 1944, 
revealed by this index for 28 of the urban areas discussed earlier, are 
presedted in Table III. Separate data are shown for manufacturing and 
nonmanufacturing industries." 

With respect to manufacturing wage rates, the increases during this 
period, as in the early war years, show considerable similarity. Fully 20 
of the 28 increases are within 3 percentage points of the National aver- 
age (8 per cent). All of the 5 smallest increases reflect the heavy weight 
of shipbuilding, an industry in which wage rates have not changed ap- 


10 Basic wage rates in shipbuilding on the northern Pacific Coast are estimated to have increased 
about 20 per cent during this period. 

1! No analysis of wage movements among smaller cities has been made. It is probable that wages in 
individual small cities rose abnormally due to the dominating influence of new or greatly expanded war 
industries. Average size-of-city wage differentials, however, were probably not greatly disturbed. 
Wages in most nonmanufacturing industries lagged behind those in manufacturing during this period; 
presumably intercity relationships in nonmanufacturing were changed but little. 

22 For a further discussion of the index see Robert J. Myers, Harry Ober, and Lily Mary David, 
“Wartime Wage Movements and Urban Wage Rate Changes,” Monthly Labor Review, October 1944. 

13 A separate comparison of wage trends in cities of 100,000 population or more with those in smaller 
communities indicates that there has been no significant difference by size of city during the stabilization 
period. A similar test for nonmanufacturing also yields negative results. 
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preciably since 1942. The largest increases are also influenced consid- 
erably by single industry groups; specifically apparel (New York) and 
metalworking (Buffalo and St. Louis). It is significant that except for 
a slight lag in Providence," all of the cities that registered the greatest 
gains in the early war years have subsequently held their own or im- 


TABLE III 
PERCENTAGE INCREASE IN WAGE RATES IN MANUFACTURING AND 
NONMANUFACTURING INDUSTRIES IN 28 URBAN AREAS, 
APRIL 1943-OCTOBER 1944 








Selected nonmanufac- 


Manufacturing turing industries 





15 
11 

6 
23 
17 
10 

9 
21 
19 
15 
24 
21 
19 


Memphis 
Atlanta 


Birmingham 
ESP er eee 
Milwaukee 
Philadelphia 
Indianapolis 
Providence 
Minneapolis-St. Paul 
Kansas City 
Pittsburgh 
Baltimore 

Seattle 
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11 











Source: Harry Ober and Lily Mary David, “Trends in Urban Wage Rates April—October 1944,” 
Monthly Labor Review, February 1945. (Percentages rounded by present author.) 


proved their position slightly. Most of the cities that paid the highest 
wages in 1943 have since experienced relatively small increases; this is 
particularly true of the Pacific Coast cities. 

Rough adjustment" of the figures for the early war period and com- 


4 This statement also excludes Cincinnati, for which precise data are not available. 

% The adjustments made included (1) an initial uniform correction for the four-month overlap of 
the two periods, (2) a further uniform correction for the general upward bias of the straight-time hourly 
earnings data, and (3) additional adjustments (upward or downward) in the case of certain cities for 
apparent remaining bias or random error. This last group of adjustments was based on observation of a 
wide variety of additional material. Wage changes in Cincinnati, Columbus, Rochester and Toledo 
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bination of the adjusted figures with the data presented in Table III 
yield a series of estimates of wage rate increases in individual cities 
during the entire period from January 1941 to October 1944. A classifi- 
cation of 32 large urban areas by general range of increase during this 
period is presented in Table IV. Although this table is admittedly sub- 
ject to some error, the great majority of the cities are probably classified 
correctly and the indication of relative differences in wage movements 
is believed to be dependable. 


TABLE IV 


ESTIMATED PERCENTAGE INCREASE IN MANUFACTURING WAGE RATES IN 
32 URBAN AREAS, JANUARY 1941-OCTOBER 1944 





























: Percentage increase 
Broad region 
20-24 25-29 30-34 35-40 
Midwest 
Milwaukee Denver Chicago 
Minneapolis-St. Paul| Kansas City St. Louis 
East coast Baltimore Boston 
Philadelphia Newark 
New York 
Providence 
Eastern Great Lakes Detroit Buffalo Cleveland 
Indianapolis Cincinnati 
Pittsburgh Columbus 
Rochester 
Toledo 
West coast San Francisco Portland Los Angeles 
. Seattle 
South Birmingham Atlanta Dallas 
Houston Louisville 
Memphis 
New Orleans 

















This approach indicates that manufacturing wage rates in none of 
these major cities increased by less than 20 per cent or more than 40 per 
cent from January 1941 to October 1944. Three-fourths of the cities 
(24 out of 32) appear to be included in the range from 25 to 34 per cent, 
or to differ from the average for all urban areas (30 per cent) by no 
more than 5 percentage points. 

This tabulation leaves little doubt that wage rates in the southern 
cities have registered the greatest gains during the war period. Four of 
the 7 urban areas in the South raised wages by 35 per cent or more and 





from April 1943 to October 1944 have been assumed to equal the National average (8 per cent). The 
classification presented in Table IV represents the personal estimates of the author and is, of course, 
entirely unofficial. 
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only 2 lagged behind the average for all cities.‘* The midwestern cities, 
on the other hand, showed relatively small increases; 2 of these cities 
ranked barely below the average while 2 others showed increases of less 
than 25 per cent. It should be pointed out that the relatively small in- 
creases in the midwestern cities are primarily the result of a late start, 
since those cities as a group have approximately kept pace with the 
National average during the stabilization period. 

There is a strong indication that manufacturing wage levels in the 
different cities have tended to converge. While the largest gains have 
occurred among the southern cities, as has been seen, the high-wage 
centers on the Pacific Coast and about the Great Lakes have witnessed 
only about average gains. A number of marked irregularities within re- 
gions have also been reduced or eliminated. Thus Los Angeles, Cleve- 
land, and Buffalo, whose wage levels were particularly low in their 
respective regions before the war, have raised wages more than other 
large cities in those regions. St. Louis appears to have narrowed the 
lead of Kansas City. Houston, on the other hand, may have lost 
ground to other urban areas in the deep South that formerly paid 
considerably lower wages. Any narrowing of intercity differentials that 
has occurred may be credited to a combination of causes, including 
the intensification of competition for labor, the planned distribution of 
contracts (to avoid further burdening the critical areas) by Federal pur- 
chasing agencies, the extension of the 40-cent minimum wage, the 
“substandard wage” policy of the War Labor Board, the increased 
wartime mobility of labor, and the spread of unionism. 

Suitable data for nonmanufacturing are available only for the period 
from April 1943 to October 1944 and have been presented in Table III. 
These figures refer to selected industries only, and are heavily weighted 
by retailing and the service trades.'? In all urban areas combined the 
composite index increased by 14 per cent in the 18-month period, or by 
nearly twice as much as the index of manufacturing wage rates. It 
should be borne in mind, however, that nonmanufacturing wages rose 
relatively less than manufacturing during the early war years. 

Among individual cities the increases ranged from 4 per cent in 
Providence to 24 per cent in Memphis, the gains in 17 areas being 
within 5 percentage points of the National average. The most striking 
feature of the wage movements in nonmanufacturing industry is the 
relatively large gain registered by all southern cities. Wage increases 


% The movement of wage rates in Birmingham, Pittsburgh and several other cities appears to have 
been retarded by the influence of the steel industry. The data used, however, do not reflect the increases 
granted in the “Basic Steel” award of the War Labor Board, which was issued in November 1944. 

17 Other industry groups covered are wholesaling, financial institutions, and local utilities. 
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in the Midwest were close to the average, while those in New England 
and on the Pacific Coast were low. 

A comparison of urban wage trends in nonmanufacturing industries 
during the stabilization period with those in manufacturing reveals lit- 
tle similarity. This is not surprising in view of the fact that wage 
increases in nonmanufacturing have generally lagged behind those in 
manufacturing during the war, and since the lower-wage nonmanufac- 
turing industries have benefited particularly by certain flexible fea- 
tures of wage stabilization policy. Some of the inconsistencies in the 
respective rankings of individual cities in 1943, however, have been re- 
duced. As a result of the sharp upturn of nonmanufacturing wage rates 
in Detroit, for example, that city should now rank nearly as high in 
nonmanufacturing wages as in manufacturing. Similar, but less pro- 
nounced, adjustments have been accomplished in Buffalo, Boston, Hous- 
ton, Los Angeles, and Providence (but not in Chicago or Milwaukee). 


CONCLUSION 


The inauguration of the war production program found striking dif- 
ferences in rates of pay among major American cities. Employers on the 
Pacific Coast and in the eastern Great Lakes area paid nearly twice as 
much per hour for given types of work as employers in some southern 
cities. The differences in wage rates did not necessarily imply similar 
differences in labor cost and annual earnings, however, and had prob- 
ably existed for many years. The high wages prevailing in the major 
war production centers undoubtedly facilitated the recruitment of 
workers from other communities. 

After nearly 4 years of feverish war activity, despite some difference 
in the experience of individual cities, the general pattern of urban 
wage relationships closely resembled that of the prewar period. It ap- 
pears unlikely that wage rates have increased more in the major war 
production centers than in other urban areas. Several midwestern cities 
in which the impact of war production was delayed have lagged some- 
what behind the trend. As a group, the southern cities, which paid the 
lowest wages before the war, have shown the greatest increases. This 
is particularly true with respect to such nonmanufacturing industries 
as retailing and the service trades. 

Active competition for labor, together with other factors, appears to 
have smoothed out a number of pronounced wage irregularities within 
regions. Thus Los Angeles, Cleveland, Buffalo, and St. Louis have 
raised wages somewhat more than other cities in the same regions that 
paid appreciably higher factory wages before the war. Houston and 
Kansas City, which paid relatively high wages within their respec- 
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tive regions before the war, have shown but moderate increases. Cer- 
tain inconsistencies between manufacturing and nonmanufacturing 
wage levels have been reduced. Both among and within geographic re- 
gions, therefore, the net effect of wartime adjustments has been to di- 
minish the magnitude of intercity wage differentials. 

Because the lower-wage cities have generally shown the greatest 
wage increases, substantial percentage differences in wage trends have 
in some cases scarcely affected wage differentials in terms of cents per 
hour. Manufacturing wage levels in certain southern cities, for ex- 
ample, have risen by nearly 40 per cent and those in some north- 
ern war centers by as little as 25 per cent. This extreme divergence 
might reduce the differential in a semi-skilled occupation from 30 cents 
to 27 cents per hour. Smaller percentage variations among cities in the 
same region may have affected average wage differentials in a few cases 
by as much as 8 or 10 cents per hour. In view of the looseness and 
inconsistency that characterize American wage structure even in nor- 
mal times, variations of this magnitude would not appear to threaten 
serious economic maladjustment. 

These observations suggest that prewar experience with respect to 
plant location may still provide fairly dependable guidance in the post- 
war period. Particular interest, of course, attaches to the question of 
southern wage rates, since these have shown the greatest relative 
change. Experience in the early postwar period may indicate whether 
or not the new, higher levels can be maintained. It is significant to 
note that with the higher wage and price levels that now prevail the 
Federal minimum wage law provides less support than formerly. On 
the favorable side, the greatest wage increases in the South have 
probably occurred in nonmanufacturing industries that compete pri- 
marily on a local level. 

A more sinister implication is that the millions of workers expected 
to depart from the great war production centers will find substantially 
lower wage rates awaiting them. How to induce these workers, other 
than by the brutal stimulus of unemployment, to return to lower-wage 
communities and lower-wage industries presents one of the more diffi- 
cult problems of reconversion."® 

18 This paper has not dealt with the reasons for wage differentials or the extent to which they may 


be economically and socially desirable. To identify and eliminate unjustified differentials would appear 
to be a major public responsibility. 











THE REVISED CENSUS SERIES OF CURRENT 
EMPLOYMENT ESTIMATES* 


By A. Ross Eckier 
Bureau of the Census 


LTHOUGH many of the readers of this JouRNAL are familiar with the 

general background of the series of employment and unemploy- 
ment estimates included in the Monthly Report on the Labor Force, it 
may be worthwhile to summarize very briefly the origin of, and de- 
velopments in, the series since 1940, before we undertake to describe 
changes which are in prospect or to outline the uses of the series in the 
postwar period. All of the discussion applies to the present series, with- 
out any reference to the expansion of this work included as a part of 
the government’s basic statistical program for purposes of the war, re- 
conversion, and postwar adjustment. 

The present series of monthly estimates of employment and unem- 
ployment was initiated early in 1940 in the Research Division of the 
Work Projects Administration. As the first direct current measure of 
the volume of unemployment, the new series shortly replaced the indi- 
rect estimates of unemployment upon which those responsible for relief 
and work program policies were largely dependent during the 1930’s. 

The need for the series as a measure of unemployment had decreased 
sharply by late 1941, when the number of unemployed was less than 
half as great as in early 1940. However, with the coming of the defense 
program and then the war, interest shifted to measuring changes in 
employment and in the extent to which various sources of potential 
workers were being utilized or could be utilized. 

These developments made it desirable to use the estimates in ways 
not anticipated at the time they were originally developed, and at the 
same time emphasized the importance of certain weaknesses in the 
original sample design. In particular, the large scale movement of popu- 
lation from rural to urban locations brought about a pronounced bias 
in the estimates of agricultural and nonagricultural employment and 
impaired the reliability of those types of data for which there are 
marked differentials between persons living on farms and those living 
elsewhere. 

When the function of conducting the Monthly Report on the Labor 
Force was transferred to the Bureau of the Census in August 1942, it 
was possible to make use of considerable advances in sampling design 


* A paper presented at the 104th Annual Meeting of the American Statistical Association, Wash- 
ington, D. C., December 28, 1944, 


187 





188 AMERICAN STATISTICAL ASSOCIATION: 


which had been worked out through a research program carried out 
under the direction of Mr. Morris Hansen. Full use was made of these 
technical advances in the design of the new sample which was put into 
operation in October 1943. 

Since the principles of the new sample have been described in several 
sources, it will be sufficient here to mention the chief features very 
briefly. The introduction of these features had two main objectives. 
Of these objectives, the more important was the obtaining of a sample 
that would remain unbiased over a period of time after it had been 
originally selected. This objective was achieved by using as sampling 
units small areas from which the sample households were selected by 
taking a proportion of all households living therein. Thus the sample 
automatically adjusts for in- or out-migration in any sample area and 
thus compensates for population shifts whether they be from one part 
of the country to another or from rural to urban sections within a small 
geographic area. Several other features were introduced in order to in- 
crease the reliability of the estimates. These included a more detailed 
stratification, the selection of sample areas from groups of similar areas 
by a procedure that made the probability of selection for any given 
area proportionate to its population, and finally, the adjustment of the 
sampling ratios within a given sample area so that the proportions in 
the sample of households having certain important characteristics are 
made more nearly similar to the corresponding proportions for all 
households in the group of sample areas. 

Thus, the sampling ratio in the farm sections of an area might be 
fixed at a rate above that in the non-farm sections, in order that the 
sample for the area as a whole would include a larger proportion of farm 
families than would be obtained in a cross-section of the area. This 
modification of sampling ratios was introduced in cases when the pro- 
portion of farms in a sample area was smaller than the corresponding 
proportion in the group of areas from which the sample area had been 
originally drawn. ‘ 

As was anticipated, the series of estimates based upon the new sam- 
ple differed considerably from the preceding series, and much work was 
necessary to develop a continuous series of comparable data from April 
1940 to the first months covered by the new sample—October and 
November 1943. This work was carried out with the guidance and ad- 
vice of an interagency committee under the chairmanship of Loring 
Wood of the War Production Board. The Bureau of the Census is par- 
ticularly grateful to all members of this committee for their assistance 
and technical advice. 

Since the work of the committee was of a very detailed nature, it will 
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be sufficient here to mention the fact that the job consisted chiefly of 
finding the best method of utilizing the old series as a mean of inter- 
polating between two anchor points; first, the Decennial Census figures 
for March 24-30, 1940; and second, the data from the new sample for 
November 1943. The figures now released for the intervening months 
are to be regarded as preliminary and subject to any revision that may 
be indicated after the results for the first year or two of the new sample 
are available for study. In particular, there is some reason to doubt 


CHART I 
UNEMPLOYMENT, BY SEX 
(Monthly, March 1940 to January 1945) 
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Note.—Data for March 1940 apply to week of March 24 to 30, and for all other months to week 
including the 8th. 


whether the seasonal pattern of agricultural employment for earlier 
years is comparable with that for the past 18 months. 

Even a brief review of the accompanying charts is sufficient to show 
how clearly the picture of developments during the war period is re- 
flected in the basic series of employment and unemployment. Perhaps 
the most striking movement shown is the sharp decline in the volume 
of unemployment from about 8 million in early 1940 to the present level 
of less than 1,000,000 (Chart I). Data on month-to-month changes indi- 
cate that most of the 680,000 unemployed in November were employed 
a month before and hence it is clear that this category includes few ex- 
cept those who are in the process of changing from one job to another. 
The substantial increase shown on Chart II in the volume of employ- 
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ment from 45,000,000 to well over 50,000,000 at the same time that the 
armed forces were increasing by over 11 million, has been made possible 
CHART II 


LABOR FORCE AND EMPLOYMENT: TOTAL 
(Monthly, March 1940 to January 1945) 
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in large part by the movement of the unemployed into jobs. In addi- 
tion, as we know from analysis of the employment data by sex and age, 


CHART III 
LABOR FORCE AND EMPLOYMENT: MALE 
(Monthly, March 1940 to January 1945) 
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there have been large numbers of new entrants into the labor force and 
of persons re-entering after a period of retirement. In the case of males, 
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the increases due to the employment of boys who would normally be 
in school and of workers at or near retirement age have been much too 
CHART IV 
LABOR FORCE AND EMPLOYMENT: FEMALE 
(Monthly, March 1940 to January 1945) 
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small to offset withdrawals to the armed forces, and the number cur- 
rently employed has declined more than 10 per cent below the summer 


CHART V 
NONAGRICULTURAL EMPLOYMENT 
(Monthly, March 1940 to January 1945) 
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peak of 1942 (Chart III). Among women, on the other hand, there have 
been increases in all groups, the most pronounced changes being among 
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girls of school age and women over 35, since at other ages responsibility 
for the care of children greatly limits ability of women to enter the 
labor force. 

The sharp increase in non-agricultural employment shown on Chart 
V is of course directly connected with the Nation’s war production 
program. The total number at work in nonagricultural industries in- 
creased almost one-fifth between the summer of 1940 and the summer 
of 1944, while the number of employed women rose by more than 50 per 
cent in the same period. 

CHART VI 


AGRICULTURAL EMPLOYMENT 
(Monthly, March 1940 to January 1945) 
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While the volume of nonagricultural employment increased, the 
number of workers in agriculture declined as shown on Chart VI, even 
though agricultural output steadily rose. Among agricultural workers, 
changes in sex composition have been marked—as they have been also 
among nonagricultural workers. The number of women working on 
farms in 1944 was consistently well above the number so employed in 
1940. Males on the other hand declined considerably, reflecting not 
only the movement into the armed forces, but also large scale shifts to 
factory employment, particularly on the part of farm wage workers 
and farmers on marginal farms. 

Since many of the movements in the several labor force categories 
have been offsetting, the labor force as a whole has moved within a 
reasonably small range except for seasonal movements, The highest 
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level of the labor force was a seasonal peak of 56,800,000 attained in 
July 1942, and the lowest level to date of 50,960,000 was recorded in 
January 1945. As an indication of the range in this series exclusive of 
seasonal fluctuations, it may be noted that the highest January figure 
was 52,970,000, recorded in 1942. The changes by sex have, of course, 
been far greater than those in the total, the number of males in the 
labor force having declined by some six million and the number of 
women having increased by 4 or 5 million (Charts III and IV). 

Other more detailed series of data available from the Monthly Re- 
port on the Labor Force make possible a more comprehensive analysis 
of what has taken place during the war period. Perhaps the most im- 
portant single method of analysis is by age, and reference has already 
been made to the outstanding age shifts in labor force and employment 
during the past four years. Occupational shifts likewise have been large 
and significant. For example, the number of farmers and farm laborers 
has declined appreciably and there have been reductions in certain 
pursuits not closely related to the war effort, such as domestic service 
workers, and workers in sales occupations. On the other hand, the 
numbers of operatives and of skilled workers have risen sharply, reflect- 
ing the great increase in the chemical, rubber, metal, and other indus- 
tries closely connected with the production of war materials. 

Changes in class-of-worker composition of the employed have also 
been significant in the past four years. For example, the number of 
own-account workers in agriculture has declined sharply. The most im- 
portant change numerically has been the large increase in the number 
of wage workers in nonagricultural industry, a group which has ex- 
panded most sharply in connection with the war production program. 

It may be worthwhile to review some of the prospective develop- 
ments in the series of Census estimates that should increase their use- 
fulness in the coming months. Some of these improvements involve the 
release of information in addition to that now being issued, while others 
relate to technical developments which open up new possibilities of use. 

Work is currently in process to determine the possibilities of widening 
the usefulness of the monthly survey by releasing more figures for the 
United States as a whole and for individual localities. Our present 
samples for 11 large cities consist of 800 or more households, which may 
be large enough to provide a useful indication of the labor market 
trends in these areas. We are also making studies of the subdivisions of 
our data by major occupation groups and by class-of-worker categories, 
to see to what extent the present sample makes possible the wider 
dissemination of such figures. It is our general program to release any 
type of data which is sufficiently reliable from the point of view of 
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sampling and response variation to make the material useful for ad- 
ministrative or other purposes. 

Cooperative research between the Bureau of the Census and the 
Bureau of Agricultural Economics is making possible the release of 
estimates of farm and nonfarm population based upon information 
collected by the monthly survey. These estimates are being broadened 
to include separate estimates for the urban, rural-farm, and rural- 
nonfarm parts of the population. 

One of the important technical developments just being introduced 
is a continuously changing sample. Up to the present time we have 
used a single panel of households for periods of six to seven months, 
after which we have shifted to a new panel, sometimes with an overlap 
of one month and sometimes without. We have found that this pro- 
cedure introduces a moderate but not serious discontinuity into our 
series, in part because of sampling fluctuation and in part because of 
the appreciably higher rate of noninterview during the first month of a 
new sample. We have solved the field-control problem of establishing 
a continuously changing sample, by means of which we can change 
10 or 20 per cent of the sample each month and thus have a completely 
new set of households at the end of five or six months. 

Our shift to this basis will be completed during the summer of 1945, 
after which certain new types of labor market research will be open to 
us. We shall have for the first time a measure of month-to-month 
changes in which the work status of identical persons is shown for each 
successive pair of months throughout the year, whereas formerly the 
series was interrupted at six-month intervals because of a complete 
change of sample. 

Although it is possible at present to issue reports within about two 
and one-half weeks after the completion of field work, we are endeavor- 
ing to develop procedures which will reduce even this short period. One 
development which has some potentialities along this line is the estab- 
lishment of a self-weighting sample or a sample with at most two or 
three easily convertible weights. The chief theoretical objection to this 
type of sample is that unless our present strata are revised, in some 
areas we will tend to obtain larger samples than would be required and 
in other areas somewhat smaller samples. The possible gains, however, 
are believed to be sufficient to more than outweigh the disadvantages 
since it would eliminate the time required in applying separate weights 
for each area and would enable us to make our tabulations on the census 
unit counter, a machine which is perhaps five to ten times as efficient 
for this purpose as any commercial machine now available. 

We are planning at intervals to collect labor-force information from 
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certain segments of the civilian population not now canvassed, namely: 
persons in institutions and those people in hotels and other special types 
of dwelling units who have no other place of residence. Although the 
total number of people in these categories is not large, the groups are 
significant in some large cities, and possess, moreover, certain special 
characteristics. 

Finally, reference should be made to improvements being realized in 
the tools provided to our field for carrying out ratio sampling. The use 
of Sanborn maps, a detailed set of maps extensively used for fire insur- 
ance purposes, and improvements in local mapping procedures, supple- 
mented at some points by aerial photographs, will enable our field 
staff to identify the boundaries of specified areas with greater precision, 
and thus to achieve more reliable sampling within such areas. 

The potential usefulness of the census employment series during the 
conversion and postwar periods is clearly indicated by the manner in 
which the data have been useful in the war period. It will be critically 
important to those responsible for manpower and full employment 
planning to know as quickly and as accurately as possible about 
changes in the volume of unemployment. The goal of full employment 
will almost certainly be a central objective of postwar administrative 
and financial policy. It will be particularly important, therefore, to 
have a measure available which will show promptly when the number 
of unemployed reaches a level appreciably above what may be regarded 
as normal frictional unemployment. 

The series will reveal to some extent the types of areas in which the 
unemployed are concentrated, something about the characteristics of 
those who are out of jobs, and the duration of their unemployment. The 
latter information, in particular, will be useful in connection with 
evaluation of the extent to which unemployment compensation pro- 
grams may be successful in carrying the burden during the reconversion 
period. Another important direction in which the series will be valuable 
is in giving quick and reliable information on the extent to which the 
effects of wartime impacts upon the labor force are disappearing. We 
shall want to know, for example, how rapidly women are retiring from 
the labor force, and we shall want to know the age, family relationships 
and other characteristics of those who are leaving. We shall want to 
know whether younger workers are returning to school to resume their 
interrupted education, or whether most of them remain in the labor 
force without further schooling. We shall want to know the rate at 
which older workers who have postponed their retirement or who came 
back from retirement are leaving the labor force. We shall want to 
know as much as possible about the shifts of individual workers from 
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war industries to other industries, and about broad population move- 
ments, whether from war centers or from cities as a whole to rural 
areas. 

There will be considerable interest after the war in data by class of 
worker, especially in view of the considerable encouragement that will 
be given to veterans who want to establish their own business. Infor- 
mation on changes in the number of employers and own-account work- 
ers taken in conjunction with changes in the number of wage workers 
may be very valuable in revealing the extent of movement toward 
small business enterprises. The usefulness of these data can be greatly 
increased through occasional questions designed to compare prewar and 
postwar types of activity for veterans and others. 

Finally, reference must be made to the important potentialities of 
the labor force survey as an inexpensive means of obtaining information 
on a variety of population subjects. The survey is essentially an ex- 
tremely small sample census conducted each month by house-to-house 
canvass of approximately one household in 1400. Through the addition 
of questions to the regular schedule pertaining to such matters as pre- 
vious residence, employment of veterans, number of jobs held, weeks of 
employment during the preceding year, school attendance, etc., it is 
possible to supplement effectively the regularly collected data and 
thereby serve a large number of special purposes. 








EXPANDING LOCAL POSTWAR EMPLOYMENT DATA 
TO PRODUCE STATE ESTIMATES* 


By Harris P. Dawson, JR. 
U. 8. Bureau of Labor Statistics, Atlanta, Georgia 


HE ALABAMA State Planning Board was requested by its Chairman, 

Governor Chauncey Sparks, to prepare estimates of postwar em- 
ployment and probable unemployment in Alabama in order that the 
State’s Public Works Program could be modified to meet the needs of 
the readjustment period following the end of World War II. To answer 
this request, it was initially necessary to develop two figures: (1) The 
number of jobs which would be available in the first postwar year; and 
(2) the number of persons in the total Alabama labor force in that 
same year. The difference between these two figures would, of course, 
represent the number of persons who will be unemployed, or for whom 
public works should be provided, with allowance, however, for normal 
frictional unemployment. Obviously estimates of unemployment cover- 
ing a period of several years will ultimately be needed for purposes of 
guiding the State’s Public Works Program, since presumably the pro- 
gram will be of a continuing nature. 

As a first step in the preparation of these estimates it was necessary 
to establish certain employment “benchmarks.” One of these was 1939, 
the year of the last Census of Manufactures; a second was April 1940, 
last decennial census; and finally April 1944, the approximate peak in 
wartime employment in Alabama. From these base years it was planned 
to extend the data to 1940 (the term used to indicate the first postwar 
year). Non-manufacturing employment was obtained from the U. S. 
Census of 1940, while manufacturing employment was taken from the 
1939 Census of Manufactures, the latter being used where possible 
because of greater comparability with current employment data. These 
two sets of figures represented known bases upon which to make esti- 
mates for later periods. 

The next step was to obtain estimates of April 1944 employment, by 
industries, for the entire working population of the state. While the 
Alabama Unemployment Compensation Commission reported employ- 


* This article describes methods developed jointly by the Alabama State Planning Board and the 
United States Bureau of Labor Statistics for utilizing scattered local Committee of Economic Develop- 
ment postwar employment data and other information to produce statewide postwar employment esti- 


mates. 
Mr. Gilbert A. Sanford, Principal Planning Technician of the Alabama State Planning Board, 


Mr. Charles Stewart, Chief, of the Occupational Outlook Division of the U. 8. Bureau of Labor Statis- 
tics, as well as the author, were responsible for the development of the techniques described and used 
in the preparation of the postwar employment estimates for the State of Alabama. 
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ment data for April 1944 for those industries covered by the Social 
Security Act, these aggregates could not be used for several reasons, 
In the first place, certain industries are not covered by the Act. Second, 
and more important, in those industries which are covered, only com- 
panies which employ eight or more workers for a period of twenty 
weeks are included. Obviously employment aggregates which excluded 
the employment of this group of companies (seven employees or less) 
could not be used. Yet on the other hand, because of ample coverage, 
employment trends based on U.C. data have proven reliable. With this 
in mind, percentage changes from April 1939 to April 1944 were com- 
puted for all industries covered by the Alabama Unemployment Com- 
pensation Commission, and these relatives were applied to the 1939 
census aggregates.' Thus if the U.C. reported employment in the cov- 
ered establishments in Wholesale and Retail Trade at 50,000 workers 
in April 1940 and 60,000 workers by April 1944 this increase of 20 per 
cent was applied to the 1940 census aggregate for Wholesale and Retail 
Trade, and the result was used as the April 1944 employment estimate. 
In this manner the percentage changes of the U.C. figures were applied 
to the original Census material.” It was found that this procedure could 
be applied to approximately 90 per cent of the industry groups in the 
original census classifications. In several cases, however, other tech- 
niques had to be employed and certain empirical decisions were made. 
For example, new industries had come to Alabama since 1939, and in 
such cases April 1944 U.C. figures were used for current employment. 
Moreover, data obtained from the Bureau of Agricultural Economics 
served as the basis for estimating April 1944 agricultural employment.’ 
Selective Service material was used to determine the number of 
Alabamians in the Armed Forces on that date. Finally, Bureau of 
Labor Statistics’ estimates of employees in certain industry groups not 
covered by the U.C. were used, as for example, its estimate of the num- 
ber of civilian employees in Alabama on Federal pay rolls. 

The total labor force figure for April 1944 was obtained merely by 
adding the total number of persons employed in Alabama and the num- 
ber of Alabamians in the Armed Forces, plus an estimated figure for 
unemployment. As can be seen in the accompanying table, unemploy- 


1In the non-manufacturing industries, percentage changes from April 1940 to April 1944 were 
used, where comparable, and applied to the 1940 census data. 

2 Where possible four-digit industry classifications were used but some recoding and regrouping 
were necessary, as the Social Security Board and the Bureau of the Census use different coding systems. 
A four-digit industry is, of course, an industry classification which contains all establishments manufac- 
turing the same or substantially the same product. For example, Transportation Equipment is classi- 
fied as Industry 34 by the Social Security Board, and Shipbuilding and Ship Repair, a sub-group, is 
given the four-digit code 3431. 

* The BAE in its publication “Farm Labor,” estimated a 9.5 per cent decrease in agricultural 
employment between April 1940 and April 1944 for the southeastern states of Kentucky, Tennessee, 
Mississippi and Alabama, and it was assumed that the decline in Alabama was typcial of the region. 
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ment had decreased sharply in Alabama, and by April 1944 was esti- 
mated at only 14,000 persons. 

Having established a reasonably accurate series of estimates for 
April 1944 employment, it was then necessary to obtain estimates of 
employment in 194Q. In the spring of 1944, the local organizations of 
the Committee of Economic Development in Alabama gathered post- 
war employment estimates from a large number of establishments lo- 
cated in seven counties scattered over ‘he state.‘ It was decided to use 
this material if the industries covered by the CED sample proved 
adequate to represent the industries of the state as a whole. While 
only seven of the sixty-seven counties in the state had been surveyed 
by the CED, these seven counties were found to be an adequate sample 
of the non-agricultural employment in the state. Based on 1940 census 
data, they contained over 32 per cent of the state’s population, 37 per 
cent of the labor force, and 44 and 45 per cent respectively of manu- 
facturing and non-manvfacturing employment. As would be expected, 
these counties were not representative of agricultural employment in 
Alabama, having only 12 per cent of the state’s total, but as this step 
in the analysis was concerned only with non-agricultural employment 
this defect was not important. Moreover, further analysis revealed that 
of the 35 major industries within these seven counties 29 of them were 
found to represent satisfactorily their respective industries. 

As a check on the representativeness of the CED sample, the 1940 
CED employment data were compared, industry by industry, with 
1940 census employment figures. The results of this analysis indicated 
that the CED material was a satisfactory sample of the majority of the 
non-agricultural industries in the seven counties. For instance, in 1940 
total employment in the seven CED counties in Mining was 57 per cent 
of the state tota!, and those mining establishments which reported to 
the CED had 41 per cent of the total for the seven counties. Thus the 
CED Mining sample represented 23 per cent of Mining employment in 
the state. For the 29 industry groups of the CED data which were used 
for projection purposes, the percentages of state coverage ranged from 
10 per cent to virtually 100 per cent. The CED data were not used for 
those few industries for which the samples were less than 10 per cent of 
the state totals. 

From the analysis described above it was concluded that the employ- 
ment coverage of the majority of the industries in the CED sample was 
sufficiently large to represent the state totals in 1940. It was still neces- 


4 Within the seven counties approximately 2,200 establishments completed the CED question- 
naires. This schedule asked, among other questions: (1) “What was your 1940 employment?” (2) “How 
many employees do you have now?” (April 1944) and (3) “Estimate the number of employees you will 
need to produce and distribute your estimated post-war product.” 
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sary to determine whether the several CED industry samples had be- 
haved in accordance with the movements of their respective universes 
(state totals) between 1940 and 1944. April 1944 CED data were ex- 
pressed as relatives of 1940 CED figures and these were compared, 
industry by industry, with percentage changes based on Alabama U.C, 
employment data. Out of the 37 industry groups for which data were 
available, the CED material showed 28 as moving in the same direction 
as the U.C. trends; of these 28, 10 CED industries showed larger 
percentage increases than did the U.C. data, while 18 had smaller in- 
creases. Nine CED industries showed employment moving in the oppo- 
site direction from the U.C. trends. Thus, the majority of the industries 
in the CED sample moved, between 1940 and 1944, in general agree- 
ment with the employment trends of the Alabama U.C., and even for 
the nine which showed opposite movements, the differences in several 
cases were small. Only those industries which indicated a reasonable 
degree of correlation with U.C. trends were used for projection. 

As a final phase in the preparation of postwar employment estimates 
percentage changes were computed for the CED material, industry by 
industry, from 1944 to 194Q, and these percentages were applied to the 
April 1944 employment estimates previously obtained by expanding 
the 1940 census data. These extensions produced employment estimates 
for 194Q by major industry groups for the state as a whole. 

In making the 194Q extensions certain arbitrary decisions had to be 
made concerning a few of the industry groups. Thus it was assumed 
that all Government-owned ordnance plants and all aircraft plants 
would be closed by 194Q. Moreover, since no reliable figures were 
available for employment in the census category “domestic service,” an 
estimate was prepared based solely on expected population increases, 
using the same ratio of domestic service employment to population as 
prevailed in 1940. 

In estimating agricultural employment in the postwar period, for 
lack of definitive information, several assumptions had to be made. It 
is the general opinion that more people were employed in agriculture 
in 1940 than could make a good living from farming. Moreover, in the 
postwar period there is likely to be additional farm mechanization, 
particularly in cotton farming which is the major crop for large portions 
of Alabama. Finally, the estimates of non-agricultural employment in 
194Q indicate a year of near full employment. If such is to be the case, 
a part at least of that segment of normal farm employment which is 
essentially hidden unemployment should move into industrial jobs. 
Under these assumptions, it was concluded that 194Q farm employ- 
ment would be less than 1940, but probably not as low as the April 
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1944 figure. Without additional statistical analysis, an average of agri- 
cultural employment in April 1940 and April 1944 was used as the post- 
war figure, obviously a tentative estimate. 

The worth of the Alabama employment study depends not only on 
the statistical techniques employed but also on the validity of the 
assumption that the estimates obtained from employer questionnaires 
are sound. Unfortunately at the time the study was prepared only 
limited analysis of this important question was possible, and any exten- 
sive use of these data for preparing postwar employment estimates 
would call for more detailed analyses. 

In order to use the CED data at all, certain assumptions had to be 
made. As mentioned previously, the questionnaire asked, “What was 
your 1940 employment?” It was assumed that the answers given to 
this question were averages of annual employment, which eliminate the 
factor of seasonal variations. The next question asked for current em- 
ployment. Since the forms for the most part were prepared in April 
1944, it may be assumed that an actual employment figure for that 
month was used, thus interjecting the question of seasonal variation 
for several industries. 

Since percentage changes were computed from a single month, April 
1944 to annual averages for 194Q (explained below), certain statistical 
biases were possible in connection with seasonal industries. Fortu- 
nately, there are only a few major non-agricultural industries in Ala- 
bama which have marked seasonal variations in employment. Among 
the manufacturing industries the most important are Lumber and 
Basic Timber Products and Chemicals and Allied Products. Classified 
in this latter group is the Fertilizer Industry, which reaches its peak 
employment in February and its low point in June, and the manufac- 
ture of Animal and Vegetable Oils which reaches its high point in Octo- 
ber and its low in May. Among the non-manufacturing industries, 
Construction, Mining and the Trade Industries have the usual seasonal 
employment patterns. Since the extensions were based on employment 
aggregates of groups of industries, some compensation for the seasonal 
variations of single industries was effected, and in others the month of 
April happened to be a reasonably typical month. 

More important than testing the 1940 to 1944 employment trends 
of the CED sample was an evaluation of the 1944 to 194Q projections. 
As mentioned in footnote 4, employers answering the CED question- 
naire were requested to estimate their 194Q volume of production and 


5 For those interested in a detailed discussion of this problem, reference may be made to the un- 
published report “Farm Population and Utilization of Resources in the Post-War Period” by Margaret 
J. Hagood and Louis J. Ducoff; January 1944, Bureau of Agricultural Economics, Washington, D. C. 
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translate this into an estimate of employment. This is a particularly 
difficult question for a local merchant or manufacturer to answer. Nor 
were the various assumptions known which the local employers made 
when they estimated their postwar production. It can only be assumed 
that the employment figures given constitute annual averages for 194Q, 
As explained previously the 1940 to 194Q CED percentage changes 
were applied to April 1944 employment estimates obtained by expand- 
ing census data. The only test given these postwar estimates of employ- 
ment was a comparison, industry by industry, with projections of long 
term employment trends. If the projections appeared realistic they 
were accepted but in a few industries some reduction seemed advisable. 
In other words, for the most part the estimated increases in employ- 
ment in 194Q for the several industries over 1940, present curves which 
appear to have normal growth trends. However, based on the Alabama 
study it would appear that more analysis of this problem will be needed 
before an accurate evaluation of CED projections can be made. 

For the purpose of estimating the Alabama labor force in 194Q, 
which was assumed to be 1946, several approaches were tried. (1) The 
application of the ratio of the Alabama labor force to the national labor 
force in 1940 to an estimated United States labor force of 60 million 
in 1946, resulted in an estimate of 1,158,000. (2) The same method 
applied to an assumed national labor force of 55 million gave a figure 
of 1,062,000. (3) A third method, involving more detailed analysis of 
wartime population changes by county, gave approximately the same 
results. The aim was to take account of (a) changes in the county com- 
position of population as affected by wartime movements, and (b) the 
prewar differential worker rates, by sex, in the various counties. The 
results were inconclusive because of the arbitrary assumptions as to 
continuation of wartime population trends from November 1943 to 
1946 and the proportion of population 14 years of age and over in 
194Q. If prewar worker rates, by sex, were assumed to prevail again 
after the war in the various counties, and if the wartime population 
trends as between the counties persisted, there would appear to be 
some rise in worker rates, particularly of women. The results of the 
county analysis were more revealing qualitatively. Most of the coun- 
ties in the state suffered net losses in total population during the war 
period. About three-fourths of these counties were agricultural counties 
with low female worker rates. Actually these trends may persist after 
the war, with the result that the population of Alabama will be in- 
creasingly concentrated in urban centers with greater work oppor- 
tunities for women. A considerable number of the other counties which 
lost population, however, were urban centers with relatively high fe- 
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male worker rates. These did not share particularly in the war boom 
but, because of the nature of their peacetime industry, may be expected 
to hold their own or gain after the war. Offsetting these considerations, 
some of the counties which showed substantial gains during the war 
may be expected to lose population afterward; a number of these, how- 
ever, had low female worker rates before the war. Under the assump- 
tions used in the third method of estimating, worker rates in each 
county were assumed to return to the 1940 figure. If recognition is given 
to the possibility that wartime work experience may result in a some- 
what higher rate for women in urban centers, the postwar labor force 
would be somewhat higher. No account, however, was taken of demo- 
graphic factors other than the rural-urban shift in population. 

Taking the various estimates into consideration, the labor force in 
Alabama was estimated at 1,110,000 in 1946 as against 1,017,188 in 
April 1940 and 1,222,937 in April 1944. Inasmuch as the population 
and labor force estimates for 1946 are very tenuous in character, con- 
siderable additional analysis will be needed in order to make more re- 
liable postwar estimates. 

While only the methods used in the preparation of the postwar esti- 
mates are of interest here, the accompanying table presents in summary 


SUMMARY OF POPULATION AND EMPLOYMENT IN ALABAMA 1940, 1944, 
AND POSTWAR ESTIMATES 








April April 





1940 1944 194Q 
Total population (all ages) 2 ,832 ,961 2,907 ,123 2,944,203 
Population (14 years and over) 1,979 ,481 2 ,032 ,079 2 ,057 ,998 
Labor force 1,017,188 1,222 ,937 1,110,000 
Unemployed 67 ,434 14,000 50,182 
Public works _ 55,906 0 24,500 
Armed Forces ° 200 ,000 50 ,000 
Private enterprise 
Employment (total) t 868 ,605 1,008 ,937 985 ,318 
Agriculture and forestry 356 , 581 322 ,481 339 ,531 
Non-agriculture (total) 512,024 686 ,456 645 ,787 





* Included in figure showing total employment. 
t Including normal governmental functions. 


form the results of the study prepared for the Alabama State Planning 
Board. The 194Q labor force of 1,110,000 persons included an estimated 
50,000 expected to be in the Armed Forces, leaving a civilian labor 
force of 1,060,000. With postwar employment estimated at 985,000 
workers, unemployment would approximate 75,000. Thus far public 
works have been planned to employ approximately one-third of this 
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number and additional public work projects are in the planning stage, 
with the purpose of reducing unemployment to a minimum. Just how 
far the state plans to go (in conjunction with federal and local pro- 
grams) toward reducing unemployment is not known. Presumably a 
certain amount of unemployment, perhaps as much as 3 or 4 per cent 
of the labor force, will be necessary to take care of the volume of unem- 
ployment resulting from the normal shifts of workers from job to job, 

While extensive analyses of the 194Q employment estimates were 
not possible in the original study, the results were sufficiently reason- 
able to justify their use as guide posts for preliminary planning. Even 
allowing for a considerable margin of error, the results appeared suffi- 
ciently reliable to be used by the state in formulating the first steps of 
its postwar building program. As mentioned at the beginning of this 
article, employment estimates for a number of periods will ultimately 
be needed, and those plans which are now being made, are being made 
with the full understanding that modification will undoubtedly have 
to be made as the reconversion period develops into the postwar period. 

Undoubtedly projections similar to those described in this manu- 
script are being developed by other organizations in an attempt to 
measure the probable magnitude of postwar unemployment. This 
article has been prepared not as a final, definitive piece of work but 
rather in the hope that by its publication further experimentation will 
develop and lead to more accurate postwar employment statistics. The 
manuscript has been reviewed by several competent individuals who 
have raised a number of pertinent questions. All gravely question the 
reliability of estimates based upon employers’ opinions and agree that 
more work is needed in determining the validity of such postwar esti- 
mates. More attention should be given to developing methods of pro- 
jecting a satisfactory postwar labor force and it is obvious that further 
refinements can be made in the methods described in this article. 
Finally this article was confined primarily to a description of the 
techniques involved in making the estimates and leaves open for further 
analysis the various economic assumptions which’ are involved. Cer- 
tainly in communities which are predominantly agricultural more de- 
tailed analysis of postwar farm population and employment should be 
made than was possible in the Alabama study. 
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EXPERIMENT IN THE MEASUREMENT OF UNPAID 
FAMILY LABOR IN AGRICULTURE* 


By Louis J. Ducorr, Bureau of Agricultural Economics, and 
GERTRUDE Bancrort, Bureau of the Census 


HE PROBLEM of measurement of unpaid family labor is generic and 
eo restricted to agriculture. The nature of family enterprises and 
the frequent identification of the place of business with the home lead 
to informal work-relationships, varying degrees of work participation 
by family members, a duality of status for some individuals who are 
concurrently engaged in paid and unpaid jobs, and interspersing of 
home or school duties with gainful work. Because of these character- 
istics of the group of unpaid family workers, their differentiation from 
the unemployed on the one hand and from housewives, students and 
other categories of nonworkers on the other, becomes a difficult problem 
of measurement in labor forces statistics. 

Although unpaid family workers are by no means restricted to agri- 
culture, they are more important in agriculture than in any other major 
industry. Because of the almost universal identification of the home 
with the farm the problem of measurement of unpaid family workers 
in agriculture is, however, especially difficult. Moreover the great sea- 
sonality of labor demands in agriculture in several ways increases this 
problem of measurement. During the winter, a housewife or 15-year- 
old son in school may perform only a few chores, such as feeding 
chickens kept for home use, or milking one cow. But as labor demands 
increase with the season, the same person may do more and more farm 
work until at the peak of the harvest, the unpaid family worker may 
be doing actual field work for 40 to 60 hours a week. Setting objective 
criteria to classify such a person satisfactorily in any season of the year 
is difficult. 

The variety of chores and the unskilled nature of many types of 
farm work mean that persons of almost all ages and degrees of physical 
capacities can be utilized. Because children do certain kinds of farm 
work, the mother may also work in the fields and still be near them. 
Housekeeping duties and care of children necessarily tend to make the 
farm work of farm women of a part-time or marginal nature. 

* A paper presented at the 104th Annual Meeting of the American Statistical Association, Wash- 
ington, D. C., December 28, 1944. A cooperative survey made in April 1944 by the Bureau of the Census 
and the Bureau of Agricultural Economics, under the leadership of Philip M. Hauser and Conrad 
Taeuber, had as one objective experimentation in the measurement of the number of unpaid family 
workers on farms. This survey was especially designed to deal with some of the known difficulties in labor 


force classification of the farm population. The analysis of one phase of the problem presented here 
is based on preliminary estimates which may be subject to further revision. 


205 








206 AMERICAN STATISTICAL ASSOCIATION: 


Another feature which makes difficult the demarcation between 
workers and nonworkers on farms is the fact that chores and garden- 
ing which might be considered as an extension or a part of “own home 
housework” are very similar to the actual livestock and crop production 
work involved in the farm business. For example, is cream-separation 
or butter-making “home housework” if the family eats the cream or 
butter, but “farm work” if these products are sold? 

Other factors making for more unpaid family work in agriculture 
than in most industries and hence increasing the importance of prob- 
lems of measurement are the predominant organization of farms as 
family enterprises and the generally low level of returns. To keep an 
enterprise going which is large enough to afford relatively full employ- 
ment for the operator during the slack parts of the year, the majority of 
farmers have to rely on help from their families during the seasonal 
peaks, 

Analysis of data on the numbers of unpaid family workers has been 
complicated by the differences arising between the establishment re- 
porting of workers, as used in the Censuses of Agriculture of 1935 and 
1940 and in the current BAE series, and the population clas:*#=tion 
of all persons 14 years of age and over into labor force categories, as 
used in the 1940 Population Census and in the Monthly Report on the 
Labor Force. For example, the 7,941,000 “family workers” on farms 
(operators and unpaid family workers) reported by the 1940 Census of 
Agriculture on an establishment basis were 26 per cent above the 
6,307,000 persons classified as self-employed or unpaid family workers 
in agriculture by the 1940 Population Census. 

Not all of this discrepancy arises from the inherent differences be- 
tween a count based on establishment reports and a count involving 
population classification. A substantial part of the discrepancy is due 
to the lack in both the Agriculture and Population Censuses of 1940 of 
an objectively defined and uniformly applied employment definition, 
particularly for persons doing unpaid work. The Census enumerators 
were instructed for the Population Census to exclude from unpaid 
family work incidental work or chores not directly connected with a 
family business or enterprise. In the case of work connected with a 
family enterprise and contributing to the family income they were also 
instructed to exclude incidental chores. Since the enumerators were not 
provided with specific bases for making these exclusions, the possibili- 
ties for variation in results from one area to another or from one enu- 
merator to another were extremely great. For the Census of Agriculture, 
farm chore work was not explicitly excluded, but only persons working 


1 Only 37 per cent of farm operators reported any expenditures for hired labor during the year 1939. 
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on the farm the equivalent of two or more days during the specified 
week were to be reported as farm workers. 

During the war, the problem of measurement of unpaid family work- 
ers on farms has become more important. With attention focused on 
the size of the Nation’s total labor force the necessity of objective de- 
termination of each component increased. At the same time, wartime 
conditions of manpower scarcity, increased agricultural production, 
and the limited production of new farm machinery led to a reversal of 
the long-time downward trend in participation of women, youths, and 
older persons in farm work. 

In recent years, agricultural employment has accounted for about 
16 percent of the total civilian labor force and varied from nearly 14 per 
cent in January to 18 per cent in June. Securing greater precision in 
current measures of the size and composition of the labor force will de- 
pend partly on the adequacy of the techniques used in measuring the 
level of agricultural employment. Moreover, studies and projections of 
the postwar labor force necessarily share the weaknesses imparted to 
the benchmark data by the agricultural employment component. Pro- 
jections of yrowth in the labor force can yield different results depend- 
ing on the measure used of labor force participation rates for the farm 
population. For example, a projection from the 1940 Census of the 
labor force participation rate of 12.1 per cent for rural-farm females 
14 years of age and over in contrast with the 31.2 per cent rate for urban 
females, will give one result. A quite different result will be obtained if, 
as is suggested by evidence to be presented, the labor force participation 
rate of farm-resident females used as a benchmark were to be taken as 
nearly twice as great. 

In the cooperative survey made in April 1944, the regular sample of 
the Monthly Report on the Labor Force was used to furnish a sub- 
sample of farm-operator households. These households were revisited 
the next week and asked a variety of questions on farm work, including 
the question on number of workers on this farm as used in establishment 
reporting. A second sample, part of the Department of Agriculture 
master sample of farms, was enumerated to obtain the same types of 
information. By means of these procedures several different methods of 
securing data on farm work were tested and compared. The material 
presented here is based on the results of the regular Monthly Report on 
the Labor Force, and the follow-up interviews in the subsample of farm- 
operator households from the same source. 

The “labor supply” of unpaid family workers in agriculture is to be 
found chiefly in the households of farm operators. Therefore, the popu- 
lation living in households containing a farm operator can be used as 
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a base to compare different participation rates in unpaid family work 
under alternate criteria for defining unpaid family workers. The data 
from the special survey in April 1944 presented below on unpaid farm 
work relate to persons whose work was not remunerated by wages or 
salaries and therefore include farm operators as well as unpaid family 
members. April is a month when agricultural employment approxi- 
mates the annual average, being neither a time of seasonal peak labor 
requirements nor a time of very low employment as in the slack season 
of the midwinter. 


TABLE I 


ESTIMATES OF DISTRIBUTION OF POPULATION IN HOUSEHOLDS CONTAINING A 
FARM OPERATOR, BY HOURS OF UNPAID FARM WORK (INCLUDING CHORES) FOR 
FARMERS, UNPAID FAMILY WORKERS, AND OTHERS, BY SEX, APRIL 1944 


(Thousands of persons 14 years of age and over) 

















Sex and hours of unpaid work Unpaid family 
Gm thin Qn Total Farmers* ene inte Others 
Both sexes, 14 years of age and overt 15,670 4,550 1,150 9,970 
Reporting 1 or more hours 10,040 4,320 1,080 4,640 
1-18 hours 2,680 150 170 2,360 
19 and over 7,360 4,170 910 2,280 
19-29 1,530 210 220 1,100 
30 and over 5,830 3,960 690 1,180 
Males, 14 years of age and over 7,910 4,290 710 2,910 
Reporting 1 or more hours 6,270 4,080 660 1,530 
1-18 hours 810 110 70 630 
19 and over 5,460 3,970 590 900 
19-29 670 170 160 340 
30 and over 4,790 3,800 430 560 
Females, 14 years of age and over 7,760 260 440 7,060 
Reporting 1 or more hours 3,770 240 420 3,110 
1-18 hours 1,870 40 100 1,730 
19 and over 1,900 200 320 1,380 
19-29 860 40 60 760 
30 and over 1,040 160 260 620 

















* Including farm managers. In April 1940, 36,903 persons were employed as farm managers. 

t Includes in the total 5,600,000 persons reporting 0 hours and 30,000 not reporting on hours 
worked. 

Note.—Bureau of the Census and Bureau of Agricultural Economics. These estimates are pre- 
liminary. They are based on a sample survey and are subject to sampling errors which are relatively 
larger in the case of estimates for the numerically less important classes. ; 


In April 1944 there were 15.7 million persons 14 years of age and over 
living in households containing a farm operator, and of these 10.0 mil- 
lion or 64.1 per cent reported 1 hour or more of unpaid work (including 
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chores) on the operator’s farm during the week of April 2-8 (Table I). 
For the 7.9 million males 14 years of age and over 6.3 million or 79.3 per 
cent reported some unpaid work, while in the case of the 7.8 million fe- 
males, the number doing unpaid family work was smaller, but still 
involved 3.8 million or 48.6 per cent of all females 14 years of age and 
over. 

These figures stand in sharp contrast to the number of these persons 
who for the same week were classified either as farmers or farm man- 
agers or as unpaid family workers according to the definitions currently 
used in labor force classification. Only 5.4 million of both sexes who 
reported 1 hour or more of unpaid work were classified as farmers or 
unpaid family workers by the regular labor force definitions, 4.7 million 
males and .7 million females. The group which gives rise to the greatest 
problems of measurement of unpaid family workers consists of 
4,640,000 additional persons, 1,530,000 males and 3,110,000 females, 
who reported one or more hours of unpaid work on the farm of the 
operator included in the household, but who were not classified as self- 
employed or unpaid family workers in agriculture. Of these, 900,000 
males and 1,380,000 females reported that they did 19 hours or more of 
unpaid farm work during the week, when farm chores are included, 
while 560,000 males and 620,000 females reported 30 hours or more of 
farm work including chores. 

Some factors accounting for the differences have been suggested ear- 
lier. One is that the current definitions used in the activity status classi- 
fication of the Monthly Report on the Labor Force, like those in the 
Population Census, exclude from agricultural employment persons do- 
ing only farm chores and persons who spend a greater part of the work- 
week at some other job. These persons were explicitly included in 
estimates of persons doing one or more hours of farm work obtained from 
the follow-up interview. Another reason is the tendency of enumerators 
to classify women and school-age children as non-workers rather than 
to ask a sufficient number of questions to disclose that they did in fact 
do some work. Experience shows that a direct question such as “did 
you do any work?” will always produce more affirmative replies than 
one which approaches the problem indirectly. The understatement is 
probably accentuated when the work question is phrased in terms of 
“at work on a job,” since “job” has paid connotations to farm respond- 
ents. A third possible factor is that in some cases there was a lapse of 
two weeks between the regular MRLF enumeration and the special 
farm interviewing, so that although all questions refer to the week of 
April 2-8, some respondents may actually have given information for 
two different periods. 
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In Table II is shown the labor force classification of the group of 
4,640,000 persons in farm operator households who reported one or 
more hours of work but were not classified as farmers or unpaid family 
workers. These persons represent the marginal groups where the prob- 
lems of demarcation of unpaid family workers from other labor force 
or employment status categories are focused. 


TABLE II 
ESTIMATES OF LABOR FORCE CLASSIFICATION OF POPULATION IN HOUSEHOLDS 
CONTAINING A FARM OPERATOR WHO REPORTED 1 HOUR OR MORE OF FARM WORK 
(INCLUDING CHORES), BUT WHO WERE NOT CLASSIFIED AS FARMERS OR UNPAID 
FAMILY WORKERS, BY HOURS OF UNPAID FARM WORK, BY SEX, APRIL 1944 


(Thousands of persons 14 years of age and over) 





























In labor force Not in labor force 
h ; Farm | Em- . 
Sex and hours of unpaid Total laborers; ployed “ Home Un- 
work on this farm Total | (wage | in non-|U™€™-| Total | house-| 12 | able 
work- farm ployed work school) and 
ers) work | other 
Both sexes 1 or more hours; 4,640 11,370 240 11,110 20 3,270 | 2,650 | 460 160 
1-18 hours 2,360 580 60 500 20 1,780 | 1,380 | 290 110 
19 and over 2,280 790 180 610 —- 1,490 | 1,270 | 170 50 
19-29 1,100 280 30 250 -— 820 700 | 100 20 
30 and over 1,180 510 150 360 —- 670 570 70 30 
Males, 1 or more hours 1,530 |1,170 240 920 10 360 _ 270 90 
1-18 hours 630 450 60 380 10 180 a 130 50 
19 and over 900 720 180 540 ~ 180 -- 140 40 
19-29 340 250 30 220 _ 90 a 80 10 
30 and over 560 470 150 320 — 90 -—~ 60 30 
Females, 1 or more hours 3,110 200 — 190 10 2,910 | 2,650 | 190 70 
1-18 hours 1,730 130 _— 120 10 1,600 | 1,380 | 160 60 
19 and over 1,380 70 — 70 ~: 1,310 | 1,270 30 10 
19-29 760 30 _ 30 == 730 700 20 10 
30 and over 620 40 “— | 40 _— 580 570 10 _ 





























Note.—Bureau of the Census and Bureau of Agricultural Economics. These estimates are pre- 
liminary. They are based on a sample survey and are subject to sampling errors which are relatively 
larger in the case of estimates for the numerically less important classes. 


Seventy per cent of the group, or 3,270,000 persons were classified as 
not in the labor force, and since the survey was taken at a time when 
unemployment was almost nonexistent, the rest were employed, 
1,110,000 in a nonagricultural occupation and 240,000 as hired farm 
laborers. The not-in-labor force group consisted of 2,650,000 house- 
wives, 460,000 youths in school, and 100,000 miscellaneous (perma- 
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nently unable to work, too old, and other). For the total group of 
males, the majority were employed in a nonfarm occupation, while 
among females the majority were classified as housewives. 

In view of the factors cited earlier which tend to make farm chore 
work difficult to distinguish from home housework of the housewife and 
from odd jobs done by other family members which are similar to farm 
work, it seems reasonable to conclude that a very small amount of chore 
work should not justify inclusion of farm family members in the em- 
ployed labor force. Whether the demarcation should preferably be made 
by type of work—for example, field work as versus garden and barn- 
yard, or production for sale as versus production for home use—or by 
time input during a week is debatable. However the variety of work on 
different types of farms in various regions of the country and in differ- 
ent seasons of the year makes the definition of unpaid family workers 
on the basis of type of farm work practically impossible. Therefore, in 
enumerative surveys some minimum amount of time appears more 
promising as an approach to an objective basis of determining when a 
farm family member should be classified as an unpaid family worker 
in the labor force. 

The establishment reports on farm labor in the 1935 and 1940 
Censuses of Agriculture specified two days or more of farm work as 
a minimum, and the current series of the BAE on farm employment 
uses a similar definition. In none of these definitions, however, was 
there an explicit instruction to include or exclude farm chores. As an 


‘approach which would approximate an equivalent of two days’ work, 


the marginal groups under consideration have been further classified 
into those reporting 18 hours or less of unpaid family work, and those 
reporting 19 hours or more.? 

An estimated 2,280,000 persons 14 years of age and over who were 
not classified as farmers or unpaid family workers did 19 or more hours 
of unpaid work on farms in the week of April 2-8. Over a half million 
of these were employed in nonfarm jobs and presumably working for a 
longer time during the week at a nonfarm occupation. Thus dual em- 
ployment accounts for just over one-fourth of the marginal group, and 
for only 5 per cent of the females although for 60 per cent of the males 
involved. The group with a major nonagricultural occupation offers no 
serious problem in labor force accounting for all persons 14 years of age 
and over, although it does give rise to a problem of eliminating duplica- 
tions between industries in establishment reporting. 

2 Since less than 0.1 per cent reported 19 hours, the results presented for the “marginal” groups are 


substantially the same as would be obtained by using 20 hours or more. The average length of work-day 
on farms is about 10 hours in April. 
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The 1,490,000 persons of the marginal group who were classified as 
“not in the labor force” but who reported 19 or more hours of farm 
work (including chores) constitute the core of the problem. As a group, 
they made a somewhat smaller average contribution in terms of hours 
worked than those who were actually classified as unpaid family work- 
ers, but the differences were not great. Among females, who comprise 
88 per cent of this group, 44 per cent reported 30 hours or more of farm 
work (including chores) as compared with 51 per cent of females classi- 
fied as unpaid family workers by the regular labor force classification 
procedures. 

Of this group of 1,490,000 housewives accounted for 1,270,000 or 
about 85 per cent. Some 170,000 school youths are also involved and a 
few old or partially disabled persons. But the crux of the problem is the 
farmer’s wife—is she or is she not an agricultural worker to be classified 
as in the national labor force when she does approximately 20 hours or 
more of farm work during a week? 

The question may be raised as to the possible effects of wartime man- 
power conditions in giving rise to the large number of persons doing 
unpaid farm work but not classified as in the labor force. If such par- 
ticipation in agricultural work were purely a temporary wartime phe- 
nomenon, presumably the labor force measurement problem would be 
greatly lessened under “normal” conditions. In order to examine to 
what extent unpaid workers in agriculture were classified in the labor 
force in a year preceding the manpower difficulties of the war period, 
the 1940 situation may be considered. 

A special study involving matching of a sample of schedules from the 
1940 Censuses of Agriculture, Population and Housing has yielded 
tentative estimates of the labor force classification by the Population 
Census of persons reported as family workers (operators and unpaid 
members of their families) in the establishment reports of the Census 
of Agriculture. The establishment report of persons working the equiva- 
lent of two or more days had to be used as an indication of participation 
in farm work for comparing 1940 with 1944, rather than any given 
number of hours (including chores) since data on the latter are not 
available for 1940. 

The results suggest a close correspondence between April 1940 and 
April 1944 in the total number of persons reported as family workers on 
an establishment reporting basis who were not classified as farmers or 
unpaid family workers in the labor force classification. The distribution 
of these persons according to whether they were classified as in the 
labor force or not was almost identical for 1940 and 1944. Of those in 
the labor force, however, the unemployed constituted a greater percent- 
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age in 1940 and persons employed in nonfarm work a greater percentage 
in 1944. Among those not in the labor force, students made up a larger 
proportion in 1940 than in 1944. Housewives were a somewhat smaller 
proportion in 1940 than in 1944, although even in 1940 approximately 
one million were reported as family workers by the Census of Agricul- 
ture and as engaged in own home housework in the Population Census. 

The comparisons with 1940 data suggest that the participation in 
farm work of persons not classified as in the labor force is by no means 
a purely wartime phenomenon. The presence of fewer males during the 
war years may have led to an increase in participation in farm work by 
housewives, but housewives formed the most important single group 
both in 1940 and in 1944. 

Schedule construction and enumerative practices could be altered to 
provide for labor force classification of more of the marginal group as 
unpaid family workers. The results presented indicate much larger 
numbers of persons who would have been classified as unpaid family 
workers in April 1944 if approximately 20 hours of unpaid work on 
farms (including chores) had been set as a lower limit to qualify a per- 
son for classification as an unpaid family worker. It is possible that 
some of the troublesome seasonal fluctuations in the total labor force 
would be diminished by classifying such individuals as in the labor 
force. For these are probably to a great extent the same persons 
(largely women) who go out into the fields during the summer and 
fall harvest periods and become classified as unpaid family workers. 

This experiment indicates a need for sharpening written definitions 
in labor force enumerations and for bringing about a greater degree of 
correspondence between written definitions and data obtained from 
their application by field enumerators. Although the results presented 
are as yet preliminary, they do provide evidence that more satisfactory 
estimates of agricultural employment can be obtained from direct ques- 
tions on all hours spent in farm work during the week because of the 
more complete reporting of unpaid work. 








AN APPLICATION OF THE CONTROL CHART METHOD TO 
THE TESTING AND MARKETING OF FOODS* 


By Sopu1—E Marcuse 


Bureau of Human Nutrition and Home Economics 
U.S. Department of Agriculture 


HE CONTROL CHART method was developed by Shewhart and oth- 
y yo for controlling quality in industrial mass production. It is 
the purpose of this paper to show that this method can also be used 
to analyze test results in the field of experimental food research. 

The ultimate purpose of food research is to improve the eating qual- 
ity and the marketability of foods. In order to make foods more agree- 
able to the taste, sound principles must be developed for measuring 
and interpreting data on their palatability.* Although more and more 
physical and chemical criteria are being devised for testing foods, the 
human senses of taste and smell remain the most important factors in 
determining the flavor, texture, aroma, and odor of food products. 
Testing food products for the subjective reaction to them is known as 
organoleptic testing. 

Two methods commonly used for evaluating a food product organo- 
leptically are: (1) A consumer-preference test is made to find out how 
well the public likes a given food; (2) A tasting panel, consisting of a 
limited number of specially trained tasters, is selected to determine 
how nearly a given sample comes to some pre-established standard.‘ 
In testing butter, for example, the judges are schooled in scoring 
according to a previously fixed standard. The present paper discusses 
the application of control charts to the second method of organoleptic 
testing, namely, food testing by a panel of tasters. 

In such panel testing the usual procedure is to submit control or 
check samples along with the experimental samples. The fact that the 


* A paper presented at the 104th Annual Meeting of the American Statistical Association, Wash- 
ington, D. C., December 29, 1944. 

Acknowledgment is expressed to Dr. W. Edwards Deming for his very kind help in preparing 
this paper. 

1 W. A. Shewhart, Economic Control of Quality of Manufactured Product, D. VanNostrand and Co., 
1931; Statistical Method from the Viewpoint of Quality Control, ed. by W. E. Deming, The Graduate 
School, U. 8S. Department of Agriculture, Washington, D. C., 1939; Leslie E. Simon, An Engineers’ 
Manual of Statistical Methods, John Wiley and Sons, 1941. 

2 W. Edwards Deming, “Opportunities in Mathematical Statistics, with Special Reference to 
Sampling and Quality Control,” Science, Vol. 97, March 5, 1943. 

3M. D. Sweetman, “The Scientific Study of the Palatability of Food,” Journal of Home Economics, 
Vol. 23, No. 2, February 1931. 

‘ Washington Platt, “Some Fundamental Assumptions Pertaining to the Judgment of Food 
Flavors,” Food Research, Vol. 2, No. 3, 1937. 
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check samples are all of the same quality is not known to the tasters. 
For illustrative purposes, let us assume that a panel consisting of 
three tasters has scored the palatability of such check samples using 
a scale of 1 to 10. Let us furthermore assume that the tasting was 
repeated 4 times a week over a period of 7 weeks. In the table the 
hypothetical scores of the tasting panel are tabulated. The scoring, as 
might be expected, shows great variation. 


PALATABILITY SCORES OF THREE TASTERS ON CHECK SAMPLES OF 
SAME QUALITY—HYPOTHETICAL DATA 














Test scores* Standard 
Average “te 
(®) deviation 

Ist 2nd 3rd 4th (¢) 

lst week 
Judge A 7.0 7.0 7.0 7.5 7.1 -22 
B 6.0 6.0 6.0 6.5 6.1 22 
Cc 6.5 5.0 4.5 5.0 5.2 75 

2nd week 
Judge A 5.0 6.0 5.5 6.0 5.6 41 
B 5.0 5.0 5.0 5.5 5.1 22 
Cc 5.5 5.0 4.5 5.5 5.1 41 

3rd week 
Judge A 7.0 6.5 7.5 7.5 7.1 41 
B 5.0 6.0 4.5 6.0 5.4 65 
Cc 7.0 7.5 6.5 7.5 7.1 41 

4th week 
Judge A 7.0 6.5 6.5 6.5 6.6 22 
B 5.5 6.5 5.5 6.5 6.0 50 
Cc 6.0 7.0 5.5 5.0 5.9 74 

5th week 
Judge A 5.5 6.5 6.5 6.5 6.2 .43 
B 5.5 5.5 5.0 5.5 5.4 -22 
Cc 4.0 5.0 4.5 4.0 4.4 41 

6th week 
Judge A 5.5 6.0 6.0 6.5 6.0 35 
B 5.0 5.0 5.5 5.5 5.2 25 
Cc 5.0 6.0 6.5 4.0 5.4 96 

7th week 
Judge A 7.5 6.5 7.0 7.0 7.0 .35 
B 5.5 6.5 6.5 5.5 6.0 50 
Cc 7.0 6.5 7.0 6.5 6.8 -25 





* Maximum score 10.0; Minimum score 1.0. 


To analyze this variability in scoring, tests of significance are 
usually applied for determining whether the disagreement among the 
tasters is statistically significant. However, in taste scoring according 
to a pre-established standard, an analysis of the validity and reproduci- 
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bility of each taster’s scoring should precede the pooling of the scores, 
Even if the test of significance indicates that the differences between 
the tasters’ scores are statistically insignificant, this would not imply 
that either the individual tasters’ scores or their pooled averages yield 
a valid judgment. For example, all the tasters may have consistently 
scored too high, in relation to the pre-established standard. 

The control chart method can aid in the selection of individual 
tasters who make the most valid and stable judgments. At the same 
time this method enables the experimenter to evaluate the tasting 
results continuously. It therefore can aid producers of food by minimiz- 
ing the losses arising from two kinds of errors: (a) Failing to recognize 
a good judge, and thus losing the benefit of valid scores; and (b) failing 
to recognize and exclude poor judges, thus being guided by invalid 
scores.® 


USE OF THE CONTROL CHART METHOD IN TASTE PANEL SCORING 


Description of control charts. Charts I and II show a series of graphs 
resulting from the application of the control chart method to the 
hypothetical data on organoleptic testing given in the table. Control 


CHART I 


ANALYSIS OF PALATABILITY SCORES* BY CONTROL CHARTS FOR X AND go, 
USING SPECIFIED STANDARD VALUES 
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* Data are given in the table. 
Maximum score 10.0; minimum score 1.0. 


charts for averages and standard deviations were constructed using the 
notation of the American Standards Association.*.? Each individual 
taster’s scores were analyzed separately. Since a weekly basis was 


5 Deming, op. cit., p. 211. 

* American Standards Association, Control Chart Method of Analyzing Data, Z1.2—1941 (American 
Standards Association, 29 West 39 Street, New York). 

7 American Standards Association, Control Chart Method of Controlling Quality During Production, 
Z1.3—1942 (American Standards Association, 29 West 39 Street, New York). 
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assumed to be appropriate for this experiment, the data were grouped 
into weekly rational subgroups combining 4 tastings. The ordinates are 
the same in Charts I and II; they correspond to the weekly periods. 
The points on these ordinates show the average score of the week (X), 
and the standard deviation of the scores within a week (c¢). 


CHART II 


ANALYSIS OF PALATABILITY SCORES* BY CONTROL CHARTS FOR X AND og, 
USING STANDARD VALUES DERIVED FROM DATA 
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* Data are given in the table. 
Maximum score 10.0; minimum score 1.0. 


In order to set up control charts for X and o, a selection of the stand- 
ard values X’ and oa’ has to be made first. They serve for computing 
the central lines and control limits as follows: 


Central lines Control limits 
For X: X’ For X: X’+Ao’ 
For co: tc’ For oc: Byo’ and Bo’ 


Since n =4, i.e., number of tests per week (or subgroup), the follow- 
ing factors apply :® 


A = 1.500 
B, =0 

B, = 1.859 
C, = .7979 


In the case of the hypothetical scores given in the table, it was as- 
sumed that no preliminary data were at hand. Two approaches were 
used in setting up standard values. In Chart I, specified standard values 


’ Computations are based on 3-sigma limits tabulated in appendix I, p. 39, of the American 
Standards Association, Z1. 3—1942 (footnote 7 supra). 
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X’ and o’ were selected on the basis of engineering judgment; in Chart 
II, the data themselves were used as a basis for deriving the standard 
values. 

For Chart I, the standard value of the average X is specified as 6.0, 
which is assumed to be the pre-established standard according to which 
the tasters grade the check samples. This standard value appears as the 
central line of the three control charts for X in Chart I. If the standard 
value for the standard deviation is specified as o’=.33, then the 
control limits for X are: 


X’ + Ao’ = 6.0 + 1.500 times .33 = 6.5 and 5.5. 


Thus the distance between the lower and upper control limits of the 
weekly averages is one unit in the scoring scale. Observations of previ- 
ous judgings in related problems indicate this to be a reasonable limit. 
On the basis of the standard values just adopted, the central line for 
o is Co’ =.27, and the control limits for o are Bo’ and B.oc’ =0 and .62. 

For Chart II, the standard values X’ and o’ were adopted as 
X’=X where X is the average of all the subgroup values of X, and 
o’=a/c2 where ¢ is the average of all the subgroup values of o. The 
central lines and control limits for the three tasters are, therefore, as 
follows: 


Central lines Control limits 

For X: 6.5 For X: 7.2 and 5.9 
Taster A 

For oa: .34 For oc: 0 and .80 

For X: 5.6 For X: 6.3 and 4.9 
Taster B 

For oa: .36 For o: 0 and .85 

For X: 5.7 For X: 6.8 and 4.6 
Taster C 

For oc: .56 For oc: 0 and 1.31 


Interpretation of results. In interpreting the tasting scores of the 
judges, our criterion will be that of statistical control. A state of 
statistical control is said to exist when the data fall within the control 
limits in a random manner. 

Let us examine all the points on Charts I and II which do not appear 
to meet the criterion of statistical control. Comparing the control 
charts for X of all three tasters, it is obvious that all three average 
scores for the second week are lower than those for the first and the 
third weeks. Likewise, the average scores during the 5th and 6th weeks 
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are lower than for the week immediately preceding and following. All 
three series thus show the same pattern or trend for these periods and 
therefore lack randomness; they are not in a state of statistical control. 
In tracing down the cause of this lack of control, it might be found, 
for example, that there had been faulty preparation of the food in the 
2nd week and a change of the judging time from morning to after 
lunch during the 5th and 6th weeks. 

Since Chart I has a narrower spread between the control limits and 
hence is more sensitive than Chart II, it provides additional evidence 
for the lack of control during the above mentioned periods. In Chart I 
the average scores of tasters B and C for these periods fall outside the 
control limits; however, this does not hold true for taster A. His scores 
fall inside the control limits for the 2nd, 5th, and 6th weeks, and 
outside for all others—contrary to what might be expected. A study of 
his central line for averages in Chart II, which is higher than those of 
both tasters B and C by approximately one unit, reveals that taster 
A’s scores were consistently too high. If his scores were lowered by one 
unit, then his points for the 2nd, 5th, and 6th weeks in Chart I would 
also fall outside the control limits. For these weeks, as was noted 
above, assignable extraneous causes had been detected. 

In Chart I taster B’s lack of control during the 3rd week, as indicated 
by both control charts for X and o, could be attributed to reduced 
taste sensitivity because of a cold. But because no explanation could 
be found for the lack of control that most of taster C’s scores showed in 
both Charts I and II, it might well be concluded that he was not 
sufficiently trained in the scoring of the food product in question. 

Selection of a tasting panel. The first requirement for an efficient 
taster is his reliability, that is, his ability to reproduce his scorings 
when tests are repeated a number of times under essentially the same 
conditions. The control charts for X and ¢ indicate this reliability by 
the narrowness of the spread between the control limits. In addition, 
they provide a means for recognizing and interpreting changes in a 
taster’s behavior by analyzing continuously his average scores and 
standard deviations in order to see if they are in a state of control. 
However, reliability does not insure validity, that is, correspondence of 
the scoring to the pre-established standard. A taster’s judgments, al- 
though reliable, might not be near enough to the pre-established stand- 
ard and therefore might not be valid. If the control chart for X is con- 
structed around the pre-established standard as central line it can 
demonstrate a taster’s validity in scoring. 

In terms of the control chart method, it can be said that in order to 
be a good taster, average scores must be statistically controlled around 
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the pre-established standard as the central line with a narrow spread 
between the control limits; likewise, the standard deviations must be 
in a state of statistical control. 

In the hypothetical data discussed above, it would appear that judge 
C is a poor taster. A and B are good tasters; divergences from conditions 
of statistical control are due to clearly assignable causes. Therefore, 
the scores of tasters A and B can normally be pooled for effective tests 
of food quality. 

Having selected “‘good” tasters, the scores of two or more of them 
can be pooled to secure the best quality test of the product in question. 
A good taster’s score might be compared to the results of weighing on 
a good scale. A scale is exact if it is carefully gauged (validity); if on 
repeated occasions its weight measurements are nearly equal (reliabil- 
ity); and if the deviations in its weight measurements are no greater 
than can be attributed to chance (statistical control). Obviously, one 
should choose the best scale available and should weigh an object a 
second time on the same or an equally good scale to make sure that no 
uncontrolled factor influenced the first measurement. If there were no 
great discrepancy between the two results, the average of them would, 
in practice, be taken. 

Similar reasoning applies to the pooling of the scores of the tasters. 
The score of one good taster could be taken and then checked against 
the score of a second good taster. The two scores could then be aver- 
aged. Although in certain instances a larger number might profitably 
be pooled, for practical purposes, an average of 2 or 3 good scores 
might well suffice. If it seems desirable to check the difference between 
the pooled scores continuously, a control chart might be constructed 
to show whether they lie within a narrow enough spread. Moreover, 
applying a test of significance will show whether or not the difference 
between the pooled scores is significant. 

When training new tasters no scores should be pooled. Lack of con- 
trol during this period, as evidenced either by an unusual pattern or 
by points falling outside the control limits, would indicate that further 
improvement in the taster’s performance is necessary. Thus the length 
of the training period might be determined from the control chart. The 
decision as to whether or not a state of statistical control is attained will 
partly depend upon engineering judgment. “It usually will be found 
advantageous to have at least 25 subgroups for this purpose. Where 
speed is important, and it is desirable to get the control going with a 
minimum of delay, as few as 10 successive subgroups may be used 
initially.’’® 


‘See footnote 7 supra,"p. 216, 
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ADDITIONAL USES OF THE CONTROL CHART METHOD IN FOOD TESTING 


The above discussion is based upon the assumption that the variabi- 
lity of the scorings can be assigned to the behavior of the judges. 
However, assignable causes for the lack of control encountered in or- 
ganoleptic testing may also be sought in certain technical factors of the 
experimental process that may affect quality characteristics, such as 
methods of processing and packaging or the source of supply of the 
material. In this case control charts can be used in grouping the data 
on the basis of these technical factors. 

It might be worthwhile to note that instead of constructing control 
charts for each individual taster separately on the basis of time, 
as was done above, the behavior of the tasters could also have been 
analyzed by one single control chart using each taster’s scores as a 
subgroup. This method would provide an overall comparison of the 
tasters’ efficiency but would not register temporal changes in their 
behavior. 

In the marketing of food, the quality of the product often is tested by 
official graders. These graders may test the food either organoleptically 
or with mechanical or other devices applying previously established 
standards. Their test results may be subjected to an analysis by the 
control chart method similar to that discussed in this paper. 

When establishing a standard for taste scoring, this standard should, 
whenever possible, take into account results of consumer-preference 
tests. However, no such authority is available if the tasters are to score 
a newly manufactured food product which has not yet been submitted 
to the consumer for his preference. In this case, a standard may be 
established by a panel of experienced tasters whose previous scoring 
on other foodstuffs has been found by the control chart method to be 
satisfactory. 

In taste scoring according to a standard based solely on the results 
of consumer-preference tests, it is well to correlate the scores with 
results from laboratory tests. A careful interpretation of this relation- 
ship, taking into account the changing nature of human desires and 
needs, will be important for attaining effective quality control.'® 


SUMMARY 


From the foregoing analysis, it can be seen that the control chart 
method applied to organoleptic testing is useful in the following ways: 
(1) it can assist in the selection of a good tasting panel, that is, persons 


10 A. G. Ashcroft, “The Interpretation of Laboratory Tests as Quality Indices in Textiles,” Ameri 
can Dyestuff Reporter, Vol. 33, No. 24, November 20, 1944. 
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whose tasting scores are valid and meet the requirements of statistical 
control; (2) it determines what specific tasting scores must be examined 
to find out whether assignable extraneous causes are present; (3) it 
provides a means of minimizing the losses arising from two sources of 
error: (a) failure to pool the results of those tasters who may be pooled 
as checks against each other; and (b) pooling results that should not 
be pooled. 

The control chart method is advantageous during an initial training 
period of judges, since its records indicate the length of time necessary 
for a required degree of control in scoring. A sufficient reduction in the 
spread of the control limits on X in subsequent scoring would indicate 
that better standards of performance can be set for the immediate 
future. 

In general the control chart method can be useful, not only in testing 
foods organoleptically, but also in grading the quality of food products 
objectively according to a fixed standard. 








THE USE OF DISCRIMINANT FUNCTIONS IN COMPARING 
JUDGES’ SCORES CONCERNING POTATOES* 


By WiLi1aAM DowELL BaTEN 
Michigan Agricultural Experiment Station 


nant function for the comparison of multiple measurements in 
taxonomic studies. Since then several articles [1], [2], [3], [4], [5], [7], [9], 
have appeared, which employ this statistical technique for various 
purposes. A discriminant function enables one to compare a composite 
of several variables pertaining to one “method” or “treatment” with a 
similar composite pertaining to another. If two recipes for making pies 
are under consideration and several pies from each recipe are given 
scores by judges pertaining to texture, flavor, aroma, moisture, and 
appearance, a discriminant function furnishes a test for determining 
whether a composite made up of the five sets of scores concerning one 
recipe is different from a similar combination of the corresponding 
scores concerning the other recipe. Pie is judged by what the individual 
sees, tastes, smells, and feels as he eats it. His judgment is made up 
of a combination of all the sensations created by his sense organs. A 
composite of these sensations enables him to determine his approval 
or disapproval of the pie. A discriminant function, composed of scores 
or decisions on texture, flavor, aroma, moisture and appearance gives 
one value based upon these five variables or measurements; this sin- 
gle value, made up of five values, can then be statistically compared 
with another single value based on similar measurements pertaining 
to the second recipe. Instead of having to test each factor separately for 
significance, as has been done in the past, a discriminant function pro- 
vides a means for testing a combination of all measurements. 

This article deals with applications of a discriminant function to the 
differentiation of series of scores of judges made on potatoes from two 
states and also indicates the use of these functions in judging food 
qualities which are based upon more than one characteristic. 

Samples of potatoes from states A, B and C were taken at random 
from markets in Detroit, Michigan, over a period of several months. 
These potatoes were cooked in boiling water in the laboratory of the 
Food and Nutrition Department of Michigan State College soon after 
being purchased. Experienced judges, who did not know from which 
state the samples came, tested the potatoes for desirability of color, 


r 1936 R. A. Fisher[6] introduced the ideas pertaining to a discrimi- 


* Journal article No. 693 (N.S.) Michigan Agricultural Experiment Station, East Lansing, 
Michigan. 
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texture, flavor and mealiness. The first 25 samples are used in this 
study, since during that period the potatoes did not indicate signs of 
changing with time. Scores on potatoes received last of the 25 selected 
were comparable to those received at the beginning. The average of the 
scores of the panel of judges concerning the color of a potato was re- 
corded as the final score for the color of this potato. This method was 
also adopted for texture, flavor and mealiness. Each score was the 
average of the scores of six competent people. Some of the scores are 
listed in Table I, together with their averages. These data are part of 
the results of a study made by Miss Ruth Griswold [8]. 


TABLE I 


JUDGES’ SCORES PERTAINING TO DESIRABILITY OF COLOR, TEXTURE, FLAVOR AND 
MEALINESS OF POTATOES FROM STATES A, B, AND C 




















STATE A STATE B STATE C 
| 
Meali- Meali- Meali- 

Color nae Texture | Flavor Color oe Texture | Flavor |} Color ome Texture} Flavor 
i 

2.67 2.67 2.67 3.00 .00 3.00 2.40 2.20 4.00 3.67 4.00 

2.40 2.60 3.20 3.20 2.80 3.20 3.40 3.00 3.60 | 4.40 | 4.20 | 4.00 

2.80 80 2.20 2.20 2.20 3.80 4.20 4.00 3.80 


2.00 3.10 2.80 1, 

















1.80 2.40 2.40 2.20 1.75 2.50 2.75 2.75 || 3.50 | 3.33 | 3.33 | 4.00 
































Ave. 2.6348 | 2.9988 | 3.0488 | 2.8332 || 2.2840 | 2.7880 | 2.8620 | 2.6020 || 3.4932] 3.9972] 3.9320] 3.7308 





There are several ways of testing these data for significance of dif- 
ferences between potatoes from different states. One method for de- 
termining whether or not there are real differences between the potatoes 
from two localities, is to test for significance between the arithmetic 
means of the scores concerning one characteristic, then to test for 
significance between the arithmetic means of scores concerning another 
characteristic, etc. For these data this method would consist of testing 
for significance between the arithmetic means of the scores on desira- 
bility of color, then testing for significance between the means of the 
scores on desirability of texture, etc. This method has been used ex- 
tensively in the past. It is restricted to comparing two averages of a 
single characteristic. 

A discriminant function enables one to test for significance between 
the potato scores pertaining to two states by using a combination of all 
scores made on the four characteristics. This function enables one to 
compare a compound, composed of all scores of all characteristics, per- 
taining to one state with a similar compound made up of all scores of 
all characteristics pertaining to another state. This function is called 
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a discriminant function because it enables one to discriminate between 
the two sets of samples. Since desirability of a food is determined by 
several factors which act together instead of independently, it seems 
worth while to have a test for significance which involves factors on 
which scores can be obtained. A discriminant function was developed 
for such a test. 

Let a compound, made up of the scores on desirability of color, 
texture, flavor and mealiness, for state A be represented by the linear 


equation: 
X = ax, + br, + cxs + dx, 


where 2}, Z2, 23 and 2, represent respectively the score for each potato 
pertaining to color, mealiness, texture and flavor and a, b, c and d are 
constants to be found. Let the compound for the state B be 


X’ = az,’ + bre’ + crs’ + dz’, 


where 2;’, x2’, x3’ and 2,’ represent respectively the above similar scores 
pertaining to state B, and the constants a, b, c and d are the same as in 


the compound for state A. 
It is necessary to find the constants a, b, c and d in these linear com- 


pounds and then carry out an analysis of variance on the compounds 
X and X’ which are made up of the four sets of observations on these 


potatoes. 
The difference between the means of these two compounds is 
D = ad; + bdz + cds + ddy, (1) 


where d; represents the difference between the means of the scores for 
states A and B pertaining to color, d, represents the difference between 
the averages pertaining to mealiness, ds represents the difference be- 
tween the averages of texture scores, and d, represents the difference 
between the averages for the states A and B pertaining to flavor. 

By methods explained in Fisher’s first paper [6] the value of a, b, c 
and d were found to be: a=0.020562, b=0.011471, c= —0.015184, 
d=0.019958. 

The compounds X and X’ are 


X = 0.020562z, + 0.011471z, — 0.015184z; + 0.0199582,, 
X’ = 0.020562z2,’ + 0.011472.’ — 0.0151842,’ + 0.019958z,’. 


The means of these compounds are respectively 
X = 0.020562(2.6348) + 0.011471(2.9988) — 0.015184(3.0488) 
+ 0.019958(2.8332) = 0.098828, 
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X’ = 0.020562(2.2840) + 0.011471(2.7880) — 0.01584(2.8620) 
+ 0.019958(2.6020) = 0.087419, 


where the quantities in parentheses are the averages given in Table I. 
The differences between these compound means is 0.011409. This 
difference can be found from (1) as follows: 


D = 0.020562(.3508) + 0.011471(.2108) — 0.015184(.1868) 
+ 0.019958(.2312) = 0.007213 + 0.002418 — 0.002836 
+ 0.004614 = 0.011409. 


The question arises as to whether or not this difference between the 
two compound means is due to chance fluctuations in random sampling 
or to real differences between the potatoes from the two states. This 
question is answered by an analysis of variance of the compounds made 
up of the four sets of scores on these potatoes. This analysis is given in 
Table II. 


TABLE II 


ANALYSIS OF VARIANCE OF THE COMPOUNDS COMPOSED OF THE FOUR 
SETS OF SCORES 











Source of variation Degrees of freedom Sum of squares Mean square 
Total 49 
Between compound means 4 0.001625 | 0.000406 
Within 45 0.011409 0.000254 





The ratio of the mean square between compounds and the mean 
square within compounds given in Table II is 1.60; hence the compound 
made up of the four sets of scores from state A is not significantly dif- 
ferent from the compound made up of similar scores from state B. This 
means, as far as these four characteristics (desirability of color, meali- 
ness, texture, and flavor) are concerned that potatoes from state A 
are not significantly better than those from state B, although the 
averages of the judges’ scores for the former are respectively larger than 
the scores from the latter. 

By carrying out a similar analysis for the four sets of scores for states 
B and C, the value of D is 


D = 0.034064(1.2092) + 0.032938(1.2092) — 0.011709(1.0700) 
+ 0.040597(1.1288) = 0.041190 + 0.039829 — 0.012529 
+ 0.045826 = 0.11431. 
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An analysis of variance, not given, reveals that there is a significant 
difference between potatoes from states B and C as far as the measure- 
ments of desirability of color, mealiness, texture and flavor are con- 
cerned. The potatoes from state C are better than those from state B. 
The sizes of the terms in the equation for D, pertaining to states B 
and C, indicate the importance of the characteristics of the potatoes 
for discriminating between the potatoes from the two states. The last 
term, 0.045826, is the largest in absolute value; hence flavor was the 
most important characteristic for distinguishing a difference. The first 
term 0.041190 is next in absolute value; hence, desirability of color was 
next in importance for distinguishing a difference. The score of third 
importance was mealiness; the last of importance was texture. 

By carrying out a similar analysis on the scores pertaining to states 
A and C the value of D is 


D = — 0.001262 + 0.043017 + 0.013721 + 0.018083 = 0.073056. 


An analysis of variance shows that the potatoes from state C are 
significantly better than those from state A. The size of the absolute 
values of the terms in D shows that mealiness is the most important 
factor for distinguishing differences between these two sets of potatoes; 
flavor was next in importance, texture was third while desirability of 
color was last in importance. The ranks of the importance of the vari- 
ious factors or characteristics depend upon the judges’ scores which are 
determined by the individual potatoes. These ranks change as has been 
shown. 

By the use of discriminant functions made up of scores on four char- 
acteristics (desirability of color, texture, flavor, and mealiness), it is 
possible to test for significance between the potatoes from two states 
and also to ascertain the ranks of the importance of the characteristics. 

The discriminant function enables one to compare compounds made 
up of several variables. This composite or compound of several factors, 
should prove of value when it is desired to differentiate between two 
entities composed of several parts which have numerical values. It can 
be beneficial to research workers in food and nutrition for detecting 
differences which involve two or more factors. 


REFERENCES 


[1] Baten, W. D., and DeWitt, C. C. 1944. “Use of the discriminant function in 
the comparison of proximate coal analyses.” Industrial and Engineering Chem- 
istry 16: 32. 

[2] Baten, W. D., and Hatcher, Hazel M. 1944. “Distinguishing method differ- 
ence by use of discriminant functions.” Journal of Experimental Education 


12 (3): 184-186. 








228 AMERICAN STATISTICAL ASSOCIATION: 


[3] Brier, G. W., Schott, R. G., and Simmons, V. L. 1940. “The discriminant 
function applied to quality rating in sheep.” Proceedings American Society of 
Animal Production 1: 153. 

[4] Cox, Gertrude M., and Martin. W. P. 1937. “Use of a discriminant function 
for differentiating soils with different azolobacter populations.” Iowa State 
College Journal of Science. 11: 323. 

[5] Day, Besse B., and Sandomire, Marion M. 1942. “Use of the discriminant 
function for more than two groups.” This JouRNAL 37: 461. 

[6] Fisher, R. A. 1936. “The use of multiple measurements in taxonomic prob- 
lems.” Annals of Eugenics 7: 179. 

[7] Garrett, H. E. 1942. “The discriminant function and its use in psychology.” 
Psychometrika 8 (2): 65. 

[8] Griswold, Ruth M. 1940. “Palatability and color of potatoes bought on a re- 
tail market.” Food Research 5 (3): 281. 

[9] Travers, R. M. W. 1939. “The use of a discriminant function in the treat- 
ment of psychological group differences.” Psychometrika 4: 25. 








THE FEDERAL GOVERNMENT’S STATISTICAL PROGRAM 
FOR RECONVERSION AND POSTWAR ADJUSTMENT: 
A ROUND TABLE* 


INDUSTRY AND BUSINESS STATISTICS 


By M. JoserpH MEEHAN 


T THE PRESENT time, the thinking and planning of the Department 
A of Commerce on a statistical program for industry embrace several 
distinct projects or types of projects. 

First, it is necessary to obtain census benchmarks for a year as close 
to the peak of production as is feasible. This is most desirable for the 
record so that a detailed cross-section view of industry under conditions 
of full mobilization for war will be available. 

The Department is, therefore, proposing to take for the year 1945: 
(1) a census of manufactures, (2) a census of the mineral industries, and 
(3) a census of distribution. These proposals are subject to budgetary 
action which has not yet been taken. In addition, a census of agricul- 
ture covering the year 1944 has been approved by Congress and is nuw 
under way. 

The data obtained in these census surveys will be of great yalue in 
analyzing the problems that will arise in the reconversion period. As 
these censuses are quite familiar, I need not elaborate on this part of 
the Department’s program, except to say that consideration is being 
given to the question as to whether it would be desirable and feasible 
to cover—as part of the 1945 census—some data for the year 1944 
as well. 

The second phase of the Department’s program covers the inaugura- 
tion of adequate industry statistics on a current basis. In this field an 
Interdepartmental Advisory Committee has been set up so that the 
Department may have adequate guidance and to effect such coordi- 
nation as may be necessary. Technical committees will be set up in 
each industry, or industry group, to develop a specific program that 
will fit that industry. Some have been already set up. 

The procedure being adopted by these technical committees is to 
start with a clear conception of needs—that is, they are instructed to 
ignore what is being collected and to set forth on questionnaire forms 
the data needed for a particular industry, indicating in addition the 

* Round Table discussion at the Annual Meeting of the American Statistical Association, Wash- 
ington, D. C., December 28, 1944: Isador Lubin, Bureau of Labor Statistics (chairman); M. Joseph 
Meehan, Bureau of Foreign and Domestic Commerce; Rufus 8. Tucker, General Motors Corporation 


Leon E. Truesdell; Bureau of the Census; Conrad Taeuber, Bureau of Agricultural Economics; N. Ar 
nold Tolles, Bureau of Labor Statistics. 
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periodicity of collection that will be desirable. After these needs have 
been defined, the committee will determine the extent to which they 
are being met at present, either in the regular statistical program of the 
Department, the regular statistical program of Trade Associations, or 
in the special wartime statistical collections. 

As these programs are developed industry by industry, the main 
steering committee will have the job of editing and coordinating them 
to see that a proper balance is maintained in the work devoted to vari- 
ous industries, and that certain common elements of data are obtained 
from all industries so as to give an over-all picture. 

In view of the importance of capital formation in the cyclical develop- 
ments of business activity, the Department intends to compile a quar- 
terly series on plant and equipment expenditures by major industry 
groups, and also to obtain data on expected capital expenditures for 
the coming two quarters. It will not be possible to cover all types of 
business for information of this kind, but we hope to be able to get 
good data for manufacturing, mining, the railroads and utilities, and 
possibly for the larger organizations in the field of distribution. 

We believe that adequate coverage of new orders in the monthly 
industry survey currently being issued, together with the data here 
proposed on budgeted capital expenditures for two quarters ahead, 
will give a very good indication of the prospects of business activity— 
certainly much better than anything we had before the war. 

The final project in this listing is a survey of planned capital outlays 
in major industiies during the first year following the war in Europe, 
and anticipated capital requirements. The questionnaire has already 
gone out to more than 30,000 manufacturers and covers: Planned sales 
objective; projected capital outlays by types; sources of funds; and 
degree of reconversion of facilities required. Questionnaires have also 
been developed for the railroads and electric power and gas industries. 

We are trying in this survey to get an indication of anticipated 
capital needs not only for construction and equipment, but for inven- 
tories which may play an important role in the reconversion period. 

Our thinking concerning this whole program is influenced by con- 
siderations as to the volume of activity necessary after the end of the 
war. Just as after World War I we were on a higher plateau than before 
1914, so after this war we shall have to move to a level much higher 
than we experienced in the 1930’s. Regardless of what that level may 
ultimately prove to be, we are convinced that the basic statistical pro- 
gram of the Department is an essential ingredient of the analytical 
work necessary to foster an adequate understanding of the problem, 
and should aid materially in the development of the plans and programs 
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of business for its role in the accomplishment of the national goal. The 
essence of the basic postwar economic problem, in our judgment, isin 
raising consumption and fostering the use of savings in desirable forms 
of capital accumulation. Statistics cannot provide the answers, but the 
moves toward these objectives will have to be guided by statistical 
collection and analysis of intensified scope and application. 


Discussion BY Rurus 8S. Tucker 


Mr. Meehan’s program for industry and business statistics perhaps 
does not take into sufficient account the service industry and the self- 
employed who must account for a good deal of employment after the 
war. Expansion in the service industries would be especially necessary, 
because possibilities of employment in manufacturing seem on the basis 
of past experience to be limited to not much more than 25 per cent of 
the labor force, and since, as Mr. Taeuber points out, agriculture will 
not be able to employ as many persons after the war as it has previously. 

Current estimates of 60 million as the total number of jobs seem to 
be very much too high on the assumption of a high national income and 
high wages, since it will not be necessary for women and children to 
seek to supplement the principal breadwinner’s income. It is very un- 
likely that there will be during the decade beginning one year after the 
war is over, any year in which the average number of persons looking 
for work will be over 60 million. If from this total one deducts 2 million, 
more or less, for the armed forces and between 2 and 3 million for fric- 
tional unemployment, the total number of civilian jobs will not exceed 
56 million and can easily be less than 55 million without any serious 
problem of unemployment. The composition of the war emergency 
labor force is such that nearly all of its members can be expected to be 
retired from work or be absorbed in the normal labor force by 1950. 
Although a number of women workers who would not have entered 
the labor force except for the war may be expected to remain in it, this 
number will probably correspond very closely to the number of war 
casualties, so that the labor force of 1950 will be of the same size as if 
there had been no war. 
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POPULATION 


By Leon E. TrRvuEsDELL 


HE MOST important contribution of the Bureau of the Census to the 

body of statistical material available as a basis for planning post- 
war reconversion is still, despite the passage of years, the reports of the 
1940 Census. The reports on Population and Housing comprise 45,000 
quarto pages or, quantitatively at least, several times more than in 
previous censuses. Statistics are presented for more different areas than 
ever before, ranging from the three or four broad regions into which the 
country is divided for summary purposes, on the one hand, to the city 
blocks for which housing data are presented, on the other. Figures are 
presented in some detail for townships and in considerable detail for all 
urban places, for counties, and for the rural-farm and rural-nonfarm 
parts. Hundreds of pages of data are presented for metropolitan dis- 
tricts, with parallel tabulations for the central cities in each case; and 
for 60 cities data are presented for permanently established subdivisions 
designated census tracts. Entirely new subjects incorporated in the 
Census for the first time in 1940 include, in addition to the extensive 
housing inquiries, wage income, migration between 1935 and 1940, and 
statistics indicating fertility, based both on number of children under 
5 and on number of children ever born, for 1940, with previously un- 
published comparative figures for 1910. 

Subsequent to 1940, population estimates have been made at fre- 
quent intervals, including estimates of the population classified by age 
and sex. At the present time estimates are presented on three distinct 
bases: (a) including persons in military service overseas, (b) including 
military here, and (c) civilian population only. On this last basis esti- 
mates have been made by counties on the basis of registrations for 
ration books, the most recent based on registration for Book Four, as 
of November, 1943. On a similar basis have been made estimates of 
migration between 1940 and 1943, not to mention estimates of the 
normal labor force, of the number of families, etc. 

The most extensive actual statistical inquiry undertaken since 1940 
has been the survey of the 10 so-called congested areas undertaken in 
the first six months of 1944. These areas were as follows: Detroit- 
Willow Run, Muskegon, Hampton Roads, Charleston, Mobile, Puget 
Sound, Portland-Vancouver, San Francisco Bay, Los Angeles, and 
San Diego. These surveys were conducted (except in the case of Muske- 
gon) on a sample basis, but the sample was adequate for the presenta- 
tion of many classifications of the population, the most important of 
which were perhaps a classification by employment status and the 
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classification of in-migrants by employment status, age, and family 
relationship. The total population of the 10 congested areas was 
10,930,535. 

Next to the estimates of population the most important current 
statistics published on a monthly basis are probably those contained in 
the Monthly Report on the Labor Force, which gives on the basis of 
a sample of 30,000 households, the labor force in the United States, 
classified as employed and unemployed, with further classification of 
employment as agricultural and nonagricultural, and with occasional 
supplementary classifications by occupation and other characteristics. 

Four additional projects which would contribute valuable informa- 
tion are under consideration but not yet definitely authorized. These 
are (a) a survey of family income, (b) a survey of consumer expendi- 
tures (not to be undertaken directly by the Census Bureau), (c) an 
expansion of the Monthly Report on the Labor Force, especially 
through the increase of the size of the sample in a considerable number 
of cities so as to show some local data, and (d) a sample census of popu- 
lation and housing proposed for April, 1946. The details for the sample 
census have not yet been settled, but they will without doubt include, 
in addition to basic items like age and sex, employment status, occupa- 
tion, industry, and something on migration, together with a small num- 
ber of household items and possibly questions on military service or 
work place, etc. The proposal for which estimates have been submitted 
includes a sample adequate to produce figures for the larger cities and 
most of the states, in considerable detail. 

The 1945 farm census will provide figures on farm labor and farm 
population, presumably in such form that they can be compared with 
the 1940 returns for these items. 
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FARM WAGE STATISTICS FOR A FULL EMPLOYMENT PROGRAM 


By Conrap TAEUBER 


HE INCREASE Of one-third in total agricultural production from the 

pre-war years, 1935-39, to 1944, and a concurrent decline of 8 per 
cent in average employment suggest that reconversion in agriculture 
after the war will call for adjustments of great magnitude. Farm pro- 
duction, farm prices, incomes and wages are at levels which top by 
wide margins anything previously known in our history. The facilita- 
tion of an orderly process of reconversion and readjustment in agricul- 
ture, and a cushioning of the impact of deflationary forces upon those 
groups in agriculture who are least able to withstand them and whose 
levels of living can least afford any significant reduction, are important 
problems for agricultural planning. They call for accurate and compre- 
hensive information relating to wage rates, earnings and employment 
conditions of hired farm workers. Although agricultural wage rates 
have increased more rapidly since the war started than have non- 
agricultural wage rates, the wage rates paid to most hired farm workers 
are still considerably below the rates for common labor in nonagricul- 
tural occupations. 

As a wartime measure, special programs for the recruitment, training, 
transportation and placement of hired farm workers were undertaken. 
Foreign workers were brought into the country and moved to areas 
where their services were needed and domestic workers were moved into 
areas in which seasonal labor demands were high. Transportation and 
placement programs called for information as to wage rates paid, at 
least for a determination of prevailing wages. Although agricultural 
wage rates were generally exempted from wage controls because of the 
substandard levels of agricultural wages in general, in some instances 
wage ceilings were instituted for specified operations in crops that have 
high temporary labor needs. 

These activities called for the development of more complete infor- 
mation relating to agricultural wage rates. Supplying that need aids in 
the administration of wartime programs and in planning for the post- 
war period. Providing guidance to veterans and war industry workers 
who seek employment in agriculture will call for more complete data 
on farm wage rates than are now available. If there should be an over- 
flow of industrial workers to the farms during the reconversion period, 
problems of wage adjustment may well arise. In some areas the indus- 
trial labor force is to a large extent also the labor force for agriculture. 

The new program for the collection, analysis, and publication of agri- 
cultural wage statistics includes three major elements supplementing 
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the present quarterly estimates of farm wage rates by geographic divi- 
sions. 

1. Quarterly enumerative surveys in a sample of about 150 counties 
to secure wages and wage rate information for the different types 
of jobs for which regular and seasonal workers are employed. 

2. Enumerative surveys of wage rates for specified operations and 
crops in intensive production areas utilizing large numbers of sea- 
sonal and migrant workers. 

3. Improving the reliability of the present quarterly series of farm 
wage rates based on mail questionnaires, and shifting from the 
present basis of rates paid in the community to the more objec- 
tive report of rates paid on the reporting farms. 

Field work for the collection of these data was started in January 1945. 


LABOR STATISTICS FOR A FULL EMPLOYMENT PROGRAM 


By N. ARNOLD TOLLES 


HE FACTS needed to guide a full employment program are remark- 
Tabty similar to those needed to administer wartime labor controls. 
Obviously, we need to know how many people are employed and how 
much they are paid. In a generalized way, the Bureau of Labor Statis- 
tics has provided the answers to these questions ever since 1932. Each 
month it has published figures on employment and earnings for each 
of the leading industries. Our wartime experience has revealed, how- 
ever, that both the employment and the wage figures need to be shown 
in much greater detail if they are to be fully useful. 

Employment information, in the past, has been regularly available 
only for entire industries as represented in the country as a whole. To 
cope with problems of labor shortage, however, we have needed the 
facts for individual areas. Similarly, in the postwar period, we will find 
that unemployment will be critical in particular areas, regardless of the 
over-all trend. 

The problem of wage statistics is even more complex. We have never 
had anything like a standard wage scale in this country in any industry. 
Even today, straight-time earnings in a standardized group of occupa- 
tions are twice as high in Detroit as in Atlanta. Besides the area prob- 
lem, common to both employment and to wage statistics, we are faced 
in the wage field with contrasting scales for an infinite variety of jobs. 
Average earnings may differ as between two areas, two plants, or two 
industries because of differences in the composition of the labor force 
as well as because of differences in the wage scale for a given kind of 
work, 
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The postwar program of employment and wage statistics, author- 
ized by Congress this month, is designed to meet in the future the 
needs that have been revealed in wartime. The Bureau’s monthly infor- 
mation on employment, hours, and average earnings will be shown 
state by state, and separately for some leading industrial areas. Sepa- 
rate figures will be given for each of the leading industries. The Bureau’s 
information on occupational wage rates will be collected once a year for 
a full cross-section of American industry. Furthermore, a start will be 
made under the new “job dislocation” study, toward collecting infor- 
mation directly from a sample of individual workers as to current 
changes in their job and wage status. 

More complete samples and more perfectly balanced samples will be 
required when employment information is obtained for individual 
states and areas. Unemployment compensation records will be used as 
the basis for this improvement of the Bureau’s reporting samples. 

The occupational wage program will involve field visits to some 
35,000 or 40,000 establishments each year. Prior to 1943, this program 
involved about 2,000 visits a year. To furnish the information required 
by the National War Labor Board, the Bureau was forced to make field 
visits to 65,000 plants within six months of 1943. The new program, 
although covering fewer plants than in 1943 or 1944, will yield superior 
information. Better balance will be achieved within individual indus- 
tries and wage distributions will be shown as well as wage averages. 
The fruitful wartime procedure will be continued of concentrating at- 
tention on a limited group of key occupations but this sharply defined 
wage information will be supplemented by an over-all distribution of 
wage rates. More attention will be paid to comparisons between pay- 
roll figures and the wage scales under collective agreements. 

In many ways, a full employment program will require more and 
better statistical information than does wartime control. It is simpler 
to predict the labor requirements of a munitions program than to deal 
with the varied employment trends resulting from individual demands. 
It is simpler to control wages by formula than to deal with the wage 
problems of individual employers and trade union negotiators. 
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PROBLEMS OF INTEGRATING FEDERAL STATISTICS: 
A ROUND TABLE* 


ReMARKS BY Mr. Rice 


analyze first what we mean by integration, and next the means of 
attaining integration. It seems to me that integration is a point-by- 
point interrelationship of every concept, of every detailed activity, 
carried on within Federal statistical agencies with every other concept 
and activity with which it has any relationship. It is a detailed pro- 
cedure of relating in a pattern of ideas or plans all related concepts or 
activities. Integration thus includes such processes as standardization 
of definitions and classifications, and I believe it also includes elimina- 
tion of duplication wherever it exists. True duplication, however, is 
rare: there are usually some special problems or considerations involved 
in activities which seem to overlap. 

There have been three separate types of proposals for the integration 
of the Federal statistical system, each associated with a definite organi- 
zation or action. In 1922 the Bureau of Efficiency, in its report on the 
statistical work of the Federal Government, proposed that all of the 
nonadministrative statistics of the Government be merged and placed 
in a single bureau. This kind of centralization of statistics is practiced 
to a greater or lesser degree in many other countries—in Canada and 
Australia, for instance, and in a number of the South American re- 
publics. It now has very little support in the United States, however, 
where it has not seemed realistic to carry through the proposals of the 
Efficiency Bureau for complete centralization. 

In 1933 the Central Statistical Board was created, and in its first 
report it advanced the focal agency concept for centralization of statis- 
tics by subject matter. This proposal would give to particular agencies 
the central or focal responsibility for all statistical activity in particular 
fields, in the sense that each would be concerned with putting together 
currently into a rounded picture all of the available information per- 
tinent to its field. The focal agency would not necessarily collect all or 
even part of the information for which it had responsibility. The prob- 
lem of integration would thus be concentrated in specific subject- 


I’ A DISCUSSION of integration of Federal statistics, I think we must 


* Round Table discussion at the Annual Meeting of the American Statistical Association, Wash- 
ington, D. C., December 28, 1944: Stuart A. Rice, Assistant Director of the Budget in Charge of Statis- 
tical Standards (chairman); A. Ford Hinrichs, Acting Commissioner, Bureau of Labor Statistics; 
Howard R. Tolley, Chief, Bureau of Agricultural Economics; Philip M. Hauser, Assistant Director, 
Bureau of the Census. 


237 








, 
238 AMERICAN STATISTICAL ASSOCIATION: 


matter fields where several agencies have a common interest, and where 
a coordinated program with orderly arrangements for collection of data 
could be worked out. 

This proposal was somewhat modified by the passage of the Federal 
Reports Act in 1942. The Act calls for the designation of single collect- 
ing agencies to obtain such information needed by other agencies in 
addition to themselves. Back of this idea is the purpose of limiting 
governmental approaches to given industries or other groups to single 
Federal agencies, to the maximum practicable extent. 

All three of these proposed methods for integration of Federal sta- 
tistics seem to me to recognize that statistics are not ends in themselves 
but are collected by the Federal agencies for public use, for administra- 
tive or policy-making purposes, or as a by-product of administration. 


REMARKS BY Mr. HINRICHS 


In addition to the mechanical aspects of interrelation of statistical 
programs that Mr. Rice has outlined, I would say that the integration 
of Federal statistical programs should be conceived of as meaning that 
the programs should have a total consistency, that they should add up, 
that they should have some inner and overriding reason for being. The 
best example of that kind of coordination was the planning in the past 
few months of an integrated program for reconversion statistics, and 
in Mr. Rice’s presentation of the program to the Appropriations Com- 
mittee. 

The integration of statistical programs cannot be achieved, how- 
ever, by abstract consideration of the unity of the program. Federal 
statistics exist to serve concrete needs. That means that Federal sta- 
tistics must be responsive to the political forces that exist in the coun- 
try at any moment. A truly unified system of statistics can be expected 
to emerge only if there is a clear-cut and unified political program in the 
social and economic sphere. In the absence of such unity of political 
purpose, statistical data may be collected for informational purposes, 
but for whose information? I think it is unrealistic to assume that the 
same information, in the same form and with the same proportions, will 
serve the needs of different groups and different interests. Programs 
designed to serve different needs can be examined as a whole, but the 
whole should not be expected to have an abstract and balanced per- 
fection but only to correspond to the balance of political forces at any 
time. 

More and more importantly statistical data are used for adminis- 
trative purposes. But where is the economic administration of the 
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United States? There are many agencies concerned in economic ad- 
ministration, but no economic program. Economic problems are dealt 
with one by one, but never in this Nation’s history has there been a 
single economic program, except retrospectively, looked at with the 
eyes of a slightly philosophical historian. Permeating all the agencies 
there is a shifting central motive. With that kind of economic and so- 
cial administration it seems to me that it is nonsense to expect a sta- 
tistical program with inner and independent consistency. It is not an 
accident that the most vigorous efforts to develop a program of eco- 
nomic statistics were being carried out by the old Central Statistical 
Board during the period of the NRA—and petered out after the 
Schechter decision. The inner political reason that was beginning to 
compel an integrated, unified whole had disappeared. 

Until we have a unified political-economic program, we need to be- 
ware of trying to impose our ideas of an orderly system of statistics on 
a disorganized political program, that is disorganized precisely because 
in the prevailing political balance people have preferred to deal with 
economic problems one by one. This may not make sense as an abstract 
proposition, but it has political reality. It would be dangerous to de- 
velop a statistical program so logical that it did not correspond with 
this reality. 

A budget which has been argued before an appropriation subcom- 
mittee that is intimately familiar with the work of one agency, which 
has even been pushed out of balance to deal with problems that seem 
more important to Congressmen than to statistical experts, does never- 
theless have a considerable vitality. I find healthy boys—even if they’re 
freckle-faced and poorly propertioned—more exciting to live with than 
Greek statues. I feel the same way about the statistical program of the 
Federal Government—it should be born of good healthy political in- 
terests, and not as an abstract idea. The traditional budget making 
process has a great deal to be said for it and I would not urge its dis- 
placement. 

I am not saying that statistical programs should not add up, that 
they should not be examined simultaneously and found good. I think 
we should go as far as we can to obtain inner consistency and coherence 
in a rounded whole. In that connection the Division of Statistical 
Standards has a vital role to play that extends far beyond the clearance 
of schedules and the approval or disapproval of individual project 
proposals. It should look constantly to the unity of the program as 
a whole and can do an effective job in reporting, possibly to the whole 
Appropriations Committee, on gaps in our information, on its rec- 
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ommendations to fill those gaps, and on its success in eliminating dupli- 
cation and overlap. 

Certainly lack of unity ought not to be the result of accident or of 
lack of leadership from the executive branch. But I repeat that we 
should beware of efforts to supplant political judgments by the judg- 
ments of professional statisticians. The Congressional role is a vital 
one, as everyone admits; but to perform its role the program must come 
before committees in small enough pieces to be examined and under- 
stood in detail. 

Actually the reason for this round table discussion is not that inte- 
gration is an end in itself. In my opinion it is rather that we feel we are 
emerging into a period in which there will be a central purpose govern- 
ing economic administration. That purpose is jobs for all. It was this 
purpose that governed President Roosevelt’s letter on reconversion 
statistics to the Budget Bureau. It was the all-embracing review of eco- 
nomic life necessitated by this interest that required the Division of 
Statistical Standards, in cooperation with several dozen Federal agen- 
cies, to plan a unified program for presentation to Congress—a program 
already sufficiently described at these sessions. 

If anything like the Murray Full Employment Bill is adopted, there 
will be a pressing need for a balanced and complete program of eco- 
nomic statistics. In that event the logic of the statistical program will 
correspond to a new and specifically all-embracing political need. It be- 
hooves the statistical and economic profession to meet this challenge 
when and if it arises. In the meantime we should not impose a false 
political logic on our programs as a means of looking neat and orderly 
and economical. Congress rightly demands economy and good admin- 
istration, but I am sure it does not want a statistical program whose 
political contours have been smoothed by a collection of professional 
statisticians. We shall have to gamble our energies and imagination 
in the development of a program that may never be called for—but a 
program that would become a “must” the day Congress specifically 
commits the Government to any program of insuring full employment. 


ReMARKS BY Mr. TOLLEY 


I think I misunderstood Mr. Hinrichs’ remarks. I hope I did, be- 
cause I thought he was presenting a thesis with which I disagree com- 
pletely. I thought he was saying that each of us aspiring bureaucrats 
should go his own way and get all the money he can to collect statistics 
that he or his private pressure group wants, without thought of how 
they fit together with statistics collected by other agencies. I thought 
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he spoke disparagingly of the work done on the development of the 
reconversion statistics program. I think that work represents the best- 
conceived effort at developing a statistical program for the United 
States that has yet been made, and I hope it marks the beginning of 
a new way of developing statistical programs for the Federal Govern- 
ment. Programs developed in this way can be so integrated as to give 
us a rounded basis of statistics which will be useful to legislators and 
administrators and the pressure groups we all serve. 

I would also like to comment on the Federal Reports Act, which was 
mentioned by the Chairman. At one time I thought the Federal Re- 
ports Act might be a center around which reorganization of Federal 
agencies might revolve, but I have changed my mind on that point. 
The Act was a needed piece of legislation and has been serving a very 
useful purpose. It is too much to expect, however, that out of the 
Budget Bureau’s examination of thousands of proposed schedules from 
all the Federal agencies there could emerge an integrated program of 
Federal statistics. I think the Division of Statistical Standards should 
be careful in its review of forms that it does not come to be looked on by 
the statistical agencies as an agency which always says “no,” and that 
it must also be careful as time goes on to avoid antagonism between 
its representatives and those of the operating agencies. On the whole 
I say, nevertheless, that the Division of Statistical Standards is per- 
forming a very useful function in connection with its operations under 
the Federal Reports Act. 

I think that one of the very important jobs to be done in the period 
immediately ahead is the examination and appraisal of the social and 
economic statistics of the Federal Government. The Division of Statis- 
tical Standards, with help from the operating agencies, should under- 
take this appraisal and reach conclusions on what existing gaps should 
be filled, what disposition should be made of wartime statistics, what 
new series developed during the war should be continued in their pres- 
ent or modified form. Also, and very importantly, we should appraise 
the development of statistical techniques during the war period, es- 
pecially the rapid advances which have been made in the use of sam- 
pling techniques in enumerative surveys. 


ReMARKsS BY Mr. HAUSER 


Mr. Hinrichs presented us with a choice of living with a Greek statue 
or with a freckle-faced boy. I think these two conceptions are not 
mutually exclusive and I should choose to live with both. 

It seems to me that there are five major obstacles to the integration 
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of Federal statistics. First is the structure of the Federal Government 
itself—the crazy quilt of Federal agencies which has emerged and de- 
veloped during our history. We could certainly improve upon the 
organizational structure of the Government and on its statistical pro- 
gram if we could start from scratch. The lack of statistical integration 
at present is in large part a result of this crazy quilt pattern of Gov- 
ernment organization which, like Topsy, “was never borned but just 
growed up.” 

Second, there is difficulty in integrating Federal statistics because of 
the fact that both statistical subject matter and processes can be sliced 
either vertically or horizontally. No matter how you slice them for con- 
venience of administration, the resulting division of labor will sometimes 
mesh and sometimes clash. Thus, it is necessary, in order to achieve an 
integrated statistical program, to understand and evaluate the existing 
division of labor. This is a difficult task. 

A third obstacle is the complexity and diversity of the needs for sta- 
tistics which have developed in the past two decades. It is no accident 
that the field of statistics had its greatest growth in the past twenty 
years. Statistical programs have developed in direct response to the 
needs of business, industry, agriculture, labor, government and other 
groups, for basic facts in an increasingly complex society. Each man 
no longer knows how to act in his own interest, let alone in the interest 
of the common weal, without these basic facts. 

The fourth obstacle to integration of Government statistics may be 
found in the attitudes which we as statisticians and human beings 
bring to bear in our daily work. Too often we adopt the attitudes of 
competitive individual entrepreneurs in the conduct of our work, when 
the setting more appropriately calls for team work. The development of 
a spirit of team play based on a conception of a common program, of 
which we now have far too little in the Government, is one of our fun- 
damental problems. 

The final obstacle I wish to mention is what the press and the 
politicians and others refer to, with some justification, as the “bu- 
reaucratic” attitude. Actually, of course, the bureaucratic attitude is 
not confined to the Federal Government; it may also be found in pri- 
vate business, in universities, in trade associations, and in various other 
places. But the Federal Government has its share. Some of us show 
more concern with getting additional functions for our own bureaus 
than with examining a problem to see what are our needs for facts in 
the light of business, Government, and the public interest. 

Perhaps the overcoming of these obstacles may be described as 
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Greek statues. If so, I believe that we should spend more time gazing 
at such statues and drawing inspiration from them. 

It seems to me that an integrated Federal statistical program need 
not be a handicap to an agency in appearing before the Appropriations 
Committee. We should be able to go before the Committee and speak 
freely of the problems confronting us in a specific agency; and to pre- 
sent the program we have worked out as part of an integrated whole, 
showing its relationship to work we have done in the past and to work 
being carried on elsewhere in the Government. The fact of integration 
could be used as a selling point before the Appropriations Committee 
and need not hinder relations with the Committee or jeopardize the ap- 
propriation requested. 

The reality of the situation is not that you must have an unevenly 
developed program because of pressures brought to bear by special in- 
terest groups, but, rather, that there are real and varied needs for in- 
formation that can be described and evaluated. It is possible for Federal 
agencies to get together in the light of those needs and develop pro- 
grams which, if not completely integrated, are at least articulated. 

There is much work that needs to be done to further both the articu- 
lation and integration of the programs of the various Federal statis- 
tical agencies. We now have some common definitions and coordination 
in a few areas, but there are many statistical surveys and series that 
would be more useful if they were better coordinated, articulated, or 
integrated. 

I should like to close with a few comments about the Division of 
Statistical Standards and the Federal Reports Act. Like everyone else 
in the operating agencies, I have often objected loudly and strongly to 
that Division and to its authority—but I also protest vehemently 
against red traffic lights. Despite my objections, I recognize the long- 
run need for, and value of, that central authority even when individual 
actions or restrictions may actually result in short-run interferences 
with or obstructions of particular programs. I think the Federal Re- 
ports Act should be viewed as a kind of Magna Charta making of the 
Division of Statistical Standards not just another set of bureaucrats to 
be dealt with, but a focal point to be used by the Federal statistical 
agencies to effect the necessary integration, coordination, and stand- 
ardization which will make their programs stronger and more useful. 

In my judgment, the various Federal statistical agencies must better 
coordinate and integrate their programs or face the inevitable and ter- 
rible wrath of the respondents to questionnaires, of the consumers of 
statistics, of the Congress, and of the public at large. We must have a 
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central rallying point to achieve integration and the Federal Reports 
Act provides that center in the Division of Statistical Standards. Under 
the Federal Reports Act, the Division of Statistical Standards has 
great authority and power which provides it with a tremendous op- 
portunity to assist the Federal statistical agencies to achieve a more 
efficient and a more useful statistical program. It would be most 
unfortunate, however, if in the exercise of that power the Division 
was not mindful of its obligation and responsibility to use its authority 
with vigor, with patience, with understanding, and with good judg- 
ment. 











MANAGEMENT OF FIELD WORK AND COLLECTION 
OF STATISTICS: A ROUND TABLE* 


MANAGEMENT OF FIELD STAFFS IN THE OPINION 
RESEARCH FIELD 


By Josepx C. Bevis 


PINION RESEARCH CORPORATION has two different types of field 
QO staffs: (1) Crews of interviewers who travel all over the country; 
and (2) resident interviewers, that is, people who make interviews in 
their own localities. This discussion relates chiefly to the resident-inter- 
viewer type of field staff, which has made half of our surveys during the 
past four months. 

The resident staff includes 851 interviewers in 566 different villages, 
towns and cities. When the need arises we can easily double or triple 
the number of areas covered by sending the interviewers to neighboring 
localities. The localities are selected to provide a good industrial distri- 
bution as well as full representation of all popuiation size groups in 
each state, both farm and non-farm. 

The interviewers are practically all part-time workers who make the 
surveys because they like the type of work and because it provides 
them with a supplementary income. Two-thirds of the interviewers 
are women and one third men. Before the war, the staff was fifty-fifty 
men and women. Three-fourths have been to college and almost one- 
half are college graduates. 

We deal with each of our interviewers directly rather than through 
a system of local supervisors who would direct a staff of interviewers. 
One advantage of this method is that it gives us better coverage of the 
Nation. You all know that if you are trying to sample a certain section 
of the country, for example, the chances of getting a representative 
sample are better if you cover 100 localities than if you cover only 10. 

A second advantage of dealing directly with the interviewer is lower 
cost of operation. If we worked through local supervisors who would 
assign the work to interviewers under their supervision, we would 


* The following sections present in condensed form three of the five papers from a Round Table 
at the Annual Meeting of the American Statistical Association, December 28, 1944. Director J. C. Capt 
of the Bureau of the Census served as Chairman of the Round Table which included the following par- 
ticipants: Harvey E. Becknell, Bureau of Labor Statistics; Joseph Bevis, Opinion Research Corporation; 
A. Ross Eckler, Bureau of the Census; James C. Gallagher, National Analysts, Inc.; William McPeak, 
Army Service Forces. 

The papers presented by Mr. Becknell and Mr. Gallagher are not included. Much of the material 
covered by Mr. Becknell is included in an article published by him in the September 1944 issue of this 
JouRNAL under the title “Organised Statistical Work under a Functional Basis.” 
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either have to sacrifice our present coverage or maintain a supervisor 
in each of the 566 areas. 

In the kind of work we do—opinion surveys—there is little need for 
long, comprehensive instructions. The assignment sheet tells the inter- 
viewer the number and types of people he is to interview, and the ques- 
tionnaire itself contains most of the instructions necessary to make the 
interview. 

In fact, we feel that the fewer instructions, the better. As a general 
rule, we don’t want our interviewers to interpret or elaborate on the 
questions. We want them to ask the questions exactly as they appear 
on the ballot, since the wording and the sequence are carefully and 
extensively tested before the survey goes into the field. The instructions 
on many of our surveys therefore run no more than one page. 

This doesn’t mean, however, that interviewers on the national staff 
get no general instructions or receive no training. When an interviewer 
is first added to the staff, he is sent a manual containing pointers on 
good interviewing technique and, in addition, our traveling supervisors 
spend part of their time calling on resident interviewers and giving 
them personal instructions. 

The first few assignments sent in by an interviewer are examined very 
carefully by a ballot analyst and comments are sent to the interviewer. 
When we become satisfied with the quality of his work, his interviews 
are checked periodically, possibly on every other survey. 

The policy of our organization is to pay by the hour rather than by 
the questionnaire. We prefer that interviewers take the time to fill the 
cross section exactly and get good complete interviews—and know 
they will get paid for their time—than to take a chance on their cutting 
corners if they know they will get the same pay regardless of the amount 
of time they spend on the job. 

Many interviewers are hired by the crew supervisors for crew jobs, 
and the best of these are then added to the national staff, if needed. 

Except for these, most of the interviewers on our resident staff are 
hired by mail. We write to a responsible person for recommendations of 
people to do interviewing. We then send application materials to the 
person recommended and, if the prospective interviewer measures up 
to certain standards, we put him on the staff. 

In our experience the best sources for recommendations are other 
resident interviewers, superintendents of schools, Chambers of Com- 
merce, the U. S. Employment Service, newspaper editors, lawyers and 


bankers. 
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PROBLEMS OF FIELD MANAGEMENT IN ARMY 
OPINION RESEARCH 


By WituiAM McPEeaxk 


HE ARMY, like many non-military but similarly complex organiza- 
tions of modern society, has a problem of intercommunication. 
Ideas and opinions of men in the ranks pass through many hands before 
reaching the top command. Opinion research is used to provide direct 
channels of communication and to facilitate the command’s under- 
standing of personnel and morale problems which exist at lower levels. 
One of the major problems of Army opinion research has been to 
organize itself administratively so as to afford the most direct means of 
communication from respondent to administrator. This problem is 
seldom subject to simple solution, for the advantages of assigning each 
separate phase of the research operation to a different type of specialist 
must be weighed against the advantages of using the same research 
personnel in the many differing operations between respondent and 
administrator. While the latter system interposes only one link be- 
tween respondent and administrator and thus involves a minimum of 
slippage in communication, it demands highly versatile technicians, 
qualified equally well in problem formulation, question wording, inter- 
viewing, sample design, statistical analysis, and report writing. Such 
multi-gifted persons are rare. But the former type of administration, 
which would provide a specialist for each of these operational phases, 
has the serious disadvantages that may accompany over-specialization. 
The Army Research Branch has found that the best solution to its 
own problems of administration results from a compromise between the 
study-director, or vertical type of organization, and the horizontal type, 
in which a study is handled successively by various specialists. Under 
this compromise a competent analyst is usually appointed as study 
director, and as such is given full and continuing charge of all office 
operations such as client contact, problem formulation, sample design, 
statistical analysis and report writing. More highly specialized experts 
assist wherever necessary. 

But for various reasons, it has been more difficult to include the 
collection of field data entirely under the study director system. In the 
Army, as perhaps in other governmental and commercial research 
organizations, there is the tendency for hindrances in communication 
and other contacts to develop between field and office operations. 

While the Army Research Branch offers no novel solution to this 
problem, its best results have been achieved when field operations were 
most closely integrated with central office analysis, and when technical 








248 AMERICAN STATISTICAL ASSOCIATION: 


personnel was being rotated the most flexibly between field and central 
office operations. Although under actual working conditions they are 
frequently difficult to employ, the following practices have been shown 
by experience to be effective in furthering field-office integration: 

1. Stationing the field staff in the home office maximizes personal 
contact with analysts and other technicians. 

2. Performance of various office duties and attendance at certain 
staff conferences give field staff members a deeper understanding of 
their full role in research operations and lessen their feeling of being 
simply “leg men,” useful only for routine data collection in the field. 

3. Supplementing specific instructions for the field administration 
of a study with thorough indoctrination in the study’s ultimate objec- 
tives equips field men to cope with unforeseen problems in the field. 
The Army is a heterogeneous and unstable population, in which un- 
predictable factors constantly beset the field man. 

4. Exploiting the field man’s practical knowledge of population char- 
acteristics for sampling purposes. This would be equally important in 
non-military research in situations where pertinent characteristics are 
not a matter of record. 

5. Similarly through such practical knowledge, the field man can 
contribute to problem formulation and question wording. He is at the 
same time an idea man, an authority on idiom, and, by respondent 
identity, even a sort of guinea pig. 

6. His experience also qualifies him as a critic of final research re- 
ports, for he is in a unique position to determine whether their over-all 
emphasis squares with field observation. 

The writer’s acquaintance with various research organizations sug- 
gests that such field management practices as the above are often re- 
garded as desirable, but inefficient and time consuming. In many 
projects, however, a modest sacrifice of immediate “efficiency” is ulti- 
mately compensated fully by more meaningful reports. 
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MANAGEMENT OF FIELD WORK AND COLLECTION 
OF STATISTICS OF THE LABOR FORCE 


By A. Ross Eckier 


HE Special Surveys Division of the Bureau of the Census con- 

ducts a recurring monthly survey in 68 sample areas for the pur- 
pose of collecting information regarding the labor force and its char- 
acteristics. The field work for this survey normally requires an average 
of about eight to ten days per month, and in the remaining time the 
Division is able to conduct other surveys on a reimbursable basis for 
other agencies of the Federal Government. These assignments are quite 
varied in character, ranging from household samples to obtain data on 
housing or on consumer requirements, to samples of small manufactur- 
ing plants to determine the views of their officers with regard to sub- 
contracting and samples of stores to determine types and extent of 
retail shortages. 

We believe it is important to maintain close control of the operations 
at all points. The importance of careful control is, in fact, recognized 
in the design of sample which has been worked out for our Nation- 
wide surveys. If sampling efficiency were the sole criterion and close 
control of local enumeration were not believed essential, we should 
have spread our sample observations over a very large number of areas 
instead of 68 areas, each with a full-time local supervisor with experi- 
ence in drawing samples and in training enumerators. These 68 local 
offices are under the jurisdiction of six regional offices, the personnel of 
which are responsible for recruiting and training of the local staff, and 
for insuring that the administration of the work is efficient and that 
technical standards are being maintained. 

The most significant points at which controls are imposed upon our 
field work are the designation of the precise areas to be covered, the 
specification of the households, persons or institutions to be visited, 
and the instructions as to the data to be collected, and the definitions 
applying thereto. For these purposes, we have used a variety of tech- 
niques. The first and most obvious sort of technique is the providing 
of full instructions and explanatory materials concerning the objectives 
of the survey, and the exact data to be obtained. This is supplemented 
by frequent visits to the local offices either by members of the regional 
staff, or by members of the Washington staff who are directly re- 
sponsible for a particular survey. Other techniques include meetings of 
the regional and local supervisors, operating reports from the field on 
the problems of particular surveys, spot-checks by local supervisors, 
and reports to the field staff on their performance upon each survey. 
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Many of the problems of field management of the Special Surveys 
Division relate to the designation of areas within which interviews are 
conducted. The use of ratio sampling, instead of the fixed quota type 
most frequently used, imposes the requirement that definite geographic 
areas be designated in the open country as well as in cities and villages, 
We are in the process of developing techniques to carry out this kind of 
work more efficiently, and we believe that the use of Sanborn maps in 
urban areas and of locally prepared’ maps in the open country supple- 
mented by aerial photographs may meet all of our requirements. 

After the boundaries of the areas have been indicated, we provide 
instructions sufficient to specify precisely what units are to be can- 
vassed within those areas. The procedure for this varies according to 
the size of the area, but in every case, definite instructions are given 
so that the enumerator is not free to select units according to judgment, 
convenience, previous acquaintance, or any other personal criterion. In 
many cases, we require that a complete listing be made of all addresses 
within the segment, after which the sample for a particular survey is 
designated by applying a fixed ratio to the complete list of addresses. 

In every case where it is possible to do so, we endeavor to have a 
pretest of any new survey, so that we may know the difficulties con- 
nected with the questions asked and any problems of interpretation, 
public relations, etc. The results of such pretests are very carefully 
considered when final plans are made for preparation of the schedule 
and the operating instructions. 

All of our field work is conducted under the supervision of an experi- 
enced local supervisor who brings together the enumerators for training 
sessions and takes up individually with each enumerator the errors, 
interpretation questions and special problems encountered as a result 
of the first day of field work. Finally, the local supervisor edits all of 
the schedules for completeness and consistency of returns before send- 
ing them in to the Washington office. 
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CALCULATION OF CHI-SQUARE FOR COMPLEX 
CONTINGENCY TABLES 


By H. W. Norton 
U. S. Weather Bureau 


tables needs no emphasis. Such an examination is always desirable 
from the point of view of getting the most out of the data, and is usually 
necessary if misinterpretation is to be avoided. For example, it is easy 
to see that a main effect may appear to be nil even though one of the 
interactions is clearly significant. 

The calculation of chi-square for complex contingency tables in- 
volves a difficulty which is purely computational. It is the purpose of 
this paper to present a scheme of successive approximation, for tables 
of the form 2” XR, which makes the computation systematic and 
straightforward. 

Bartlett (1935) presented a method of calculating chi-square for 
tables of the form 2” (that is, multiply dichotomous). Such tables have 
but a single degree of freedom and a single quantity, z, by which each 
observed value departs, positively or negatively, from the correspond- 
ing expected value. 

For example, given the 2° table 


To DESIRABILITY Of comprehensive examination of contingency 


Males Females 
Alive Dead Alive Dead 
Controls a b e f 
Experimentals c d g h 


the departure, z, of the eight observed numbers from those which are 
proportional and have the same marginal values, may be found by solv- 


ing 
(a—z)(d —z)(f —z)(g —2z) = (6+ z)(c + z)(e+2z)(h +72). (1) 


Being generally of high degree, this type of equation must be solved 
arithmetically, the best method being simply to try two values of z, 
chosen by inspection, evaluating the left and right members of (1) 
separately, interpolating in the difference to get a third, and so on. 
Linear interpolation is convenient and becomes increasingly satisfac- 
tory as the correct value is approached. The fourth trial value is 
usually correct to three decimals. After a sufficiently accurate value of 
z has been found, it may be applied to the observed values to find the 
expected values, and chi-square may then be calculated as usual. 
Bartlett mentions the table of type 2*X3, observing that it may be 
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treated by comparing two levels, which may then be combined (if 
homogeneous) and tested against the third level, reducing the problem 
to that of two 2* tables. Since this is not completely general, he also 
gave a pair of simultaneous equations which yield the departures for 
such a table, which has two degrees of freedom. It is easy to see how 
these equations are formed. Equation (1) may be written 


(a — x)(d — z) i. (e + z)(h + 2) 
(b+2z)(e+2z) (f —z)(g —2) 
The left member of (2) contains all the elements of a 2? table, and if 
that 2? table alone were being tested for homogeneity (i.e., propor- 
tionality), the value of x would satisfy the equation 
(a — z)(d — 2) 
(6 + z)(c + 2) 
A 2° table may be regarded (in three different ways) as the association 
of two 2? tables, and the test of homogeneity of the 2* table is a test 
not of homogeneity of each of the two 2? tables but of the agreement 
between those two tables as to the nature and degree of their respective 
departures from homogeneity. Therefore z is chosen to satisfy (2), 
whatever may be the value of the two members of (2) when z is so 
chosen. 
Turning to the case of the table of the form 273, which of course 
has four additional observed quantities, s, ¢, wu and v, and another degree 
of freedom and hence another departure y, the generalization of (2) is 


(a—z)d—z) (e—-yh—-y) (strt+yvtzt+y) 
b+a2)(e+z) (F+yGt+y) b—2z-y(u—z-y) 
which is equivalent to the equation given by Bartlett. Letting —z 

=2z+y, this is 
(a—2)(d—z) (e—y(h—-y) (8 —2)(v—2) 
(b+2c+z2) (ftygty) (t+2)(utz2) 


(2) 











(3) 





and 
zty+2z=0. 


A new notation will now be introduced to facilitate the representa- 
tion of the generalization of (3) to the case of a table of the form 2” XR. 
Let each observed number in the table be represented by a symbol of 
the form M,M.2M;-- - Myx, where M, is either one or two for u 
=1, 2,3,---,N, and My4,: is 1, 2, 3, -- - or R, For exampie, in the 








- CALCULATION OF CHI-SQUARE FOR CoMPLEX CONTINGENCY TABLES 253 


25 table given above, a might be designated by 111, taking “alive or 
dead” as the first dichotomy and representing “alive” by 1, “male or 
female” for the second and representing “male” by 1, and treatment 
for the third, representing “control” by 1. Then b would be 211, c 
would be 112, and so on. Let 2; be the departure appropriate to the 
ith level of the table, 7 running from 1 to R. In any one member of the 
generalization of (3), corresponding to a particular level 7 among the 
R, those observed numbers may be placed (conventionally) in the 
numerator for which the representation M,M, - - - My4: contains an 
even number of ones in the first N positions, and those containing an 
odd number are then placed in the denominator. Thus each observed 
number placed in the numerator differs in an odd number of respects 
from each observed number placed in the denominator. Representing 
the ith member of the generalization of (3) by ¢;, for a 2? R table, 


_ (1lé — 2)(224 — 2) 
(12 + 2,)(21i + 2) 


For higher tables (2° R, 2‘ R, and so on) there are simply more terms 
in both numerator and denominator of ¢;. It is necessary to find R 
quantities z; such that ¢;=¢,; for all ¢ and j and such that 


he x; = 0. (5) 


(4) 





‘ 


Then the z; may be applied to the observed numbers of their respective 
levels to find the expected numbers, and chi-square may be calculated 
as usual. 

COMPUTATIONAL PROBLEM AND SOLUTION 


It is the arithmetic solution of the R simultaneous equations (4) 
together with (5) which is the problem, and which may be accomplished 
rather easily, using the following procedure of successive approxima- 
tion. Equation (4) may be written 

(117)(227) (1 — 2,/112)(1 — 2/222) 
(12/211) (1 + 2,/12i)(1 + 2/211) | 
and it must be remembered that 117, 127, 217 and 227 are not numbers 
but symbols which stand for the four observed numbers in the 7th level 


of the 2? R table. Assuming the validity of expanding the terms in the 
denominator which involve z;, the approximation to terms of order 


wT; is 
(112)(222) Xi Xi Xi bo 
- (1-4-5 -4-=). (7) 
(127) (212) lli 12 21¢ 221 


(6) 





i 
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Letting ’ 
1 (112) (227 
a ee (8) 
Di (127)( 212) 
and 
on ver. ae Se ~ 
s lli 12 21: | 221° 
equation (7) becomes 
1 zi 
b= —(1-). (10) 
Di 8; 


Equating the approximate values of ¢; and ¢; given by (10), and solving 


for Zj, 
i z, 
n= oif1- 2 -=)). (11) 
Pi 8; 


+» (z;) vd 0, 
0= Pid (s;) — p (8;p;) += he (8;pi). (12) 


Solving for 2, 


Since we require 


= s(1 — hp,), (13) 


p (8;) 
. dX (sips) | 


x 


where 


(14) 


Equation (13) provides approximate values of the z;, and the calcu- 
lations require only the preparation of the s;, p; and h. To get addi- 
tional corrections, the zx; must be added (algebraically) to the cor- 
responding observed values, and these adjusted values (which are first 
approximations to the expected values, on the hypothesis of homo- 
geneity) are used to repeat the calculations of (13). This process is con- 
tinued until the z; are determined with satisfactory accuracy. 

Five points may be noted. First, the z; are required to sum to zero. 
Therefore, each set of corrections found from (13) should be arbi- 
trarily altered so as to satisfy (5), since otherwise the rounding errors 
will accumulate, being uncorrected by the process of successive ap- 
proximation. 

Second, it is not necessary to recalculate the s; at each stage of ap- 
proximation, a relatively troublesome calculation requiring the re- 
ciprocal of a sum of reciprocals, However, if any of the observed num- 
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bers appear, on the first approximation, to differ markedly from the 
corresponding expected numbers, it may be worth while to recalculate 
the s; at that stage, at least for some 1, but it should be noted that a 
change in 2; increases contributions to s; from half the terms and de- 
creases contributions from the other half, so that considerable changes 
in z; often leave s; nearly unaltered. 

Third, it was assumed, in passing from (6) to (7), that z; was numeri- 
cally smaller than any of the corresponding observed values. To vali- 
date this assumption, it will sometimes be necessary to estimate first 
corrections for some levels of the table. These may be applied to the 
corresponding observed values before (13) is first employed. Such first 
corrections will be necessary only where the expected value exceeds the 
observed value by a factor as large as two. This will be true always for 
a vacant cell and occasionally for cells which are sparsely filled. Per- 
haps the best procedure in cases where first corrections appear necessary 
for some levels is to calculate the p; for all other levels, since they will 
be needed anyway, using z;=0. Then choose first corrections, for levels 
needing correction, so that their p; will be roughly equal to the average 
p; for the other levels. It must be remembered that these first corrections 
are required to sum to zero, and this requirement will often be most 
easily met by making a first correction also to that level which will be 
least disturbed, i.e., one having all observed numbers relatively large. 

Fourth, the number of figures necessary in the arithmetic may be 
found from a consideration of (4). The z; are to be chosen so that 
t;=t; for all ¢ and 7. The number of figures in ¢; which are “correct” 
will be (nearly) the number of correct figures in the least of the several 
factors of t;. If, for example, the smallest expected number is about 50, 
determination of the departure to three decimals would require five- 
figure accuracy in the smallest expected number and hence in 4. 
Therefore, the evaluation of the ¢; to five figures would be ultimately 
necessary, though the early stages of approximation might be carried 
out with fewer figures. Equation (13), from which the z; are found, 
shows that three-decimal accuracy in the z; would require somewhat 
higher accuracy in the products hp, since they approach unity as the 
approximation proceeds. Five figures would usually be sufficient 
throughout. 

Fifth, a partial check on the s; derives from the fact that s; cannot 
exceed the smallest of the observed numbers from which it is calculated. 


EXAMPLE 


As an example of the calculation of chi-square for a complex con- 
tingency table, we may take the data of Table I, which is of the form 
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2?X12. This table shows the division of 1,397 houseflies among 12 
successive tests with a standard insecticide, according to sex and sur- 
vival, as given by Campbell, Snedecor and Simanton (1939). For this 
table, for example, 

(40 —_ 2) (46 —_ 2) 


(17 — 2)(6 +- 2) 


and the risk of error in the arithmetic is reduced if the expressions for 
the ¢; be written out in full, though it is not necessary to do so. 





TABLE I 


MORTALITY OF MALE AND FEMALE HOUSEFLIES IN TWELVE SUCCESSIVE 
TESTS OF A STANDARD INSECTICIDE 











Males Females 





Level Alive Dead Alive Dead 
1 17 40 46 6 
2 14 44 44 5 
3 19 42 48 5 
4 21 33 41 4 
5 a 39 68 8 
6 21 38 70 5 
7 19 40 56 4 
8 15 32 51 8 
9 20 35 73 4 

10 15 29 78 5 
ll 12 19 69 2 
12 12 29 75 3 





Table II shows the computations through five successive approxima- 
tions, at which stage the corrections do not exceed 0.003. The “nu- 
merators” of Table II are those of equation (8), but the “quotients” 
are the p;. The numerators are conveniently calculated and recorded 
so as to be ready for the division yielding the p; when the denominators 
of (8) are calculated, thus avoiding the necessity of recording or re- 
setting those denominators. The table also shows the calculation of chi- 
square, found by multiplying z,* by >, (1/e), the sum of the reciprocals 
of the expected numbers in the ith level of the table, and summing 
over the 12 levels. The expected numbers are found by applying z; to each 
of the observed numbers in the 7th level of the table, being careful to 
give x; the correct sign. It should be noted that sy and si. were recal- 
culated after the second approximation to the z;, since the values ob- 
tained by taking x1: and zy to be zero were seriously in error compared 
to those corresponding to the expected values of the observed quanti- 
ties in those levels. The improved values appear in the column headed 
8). Since these improved values are about 50 per cent larger, the cor- 
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rections calculated using them will also be about 50 per cent larger. 
The effect is that the third approximations to 21, and 22 are correct in 
the first decimal, whereas they would not have been if the original 
values of sy; and sy. had been used. 


TABLE II 
CALCULATION OF CHI-SQUARE FOR THE DATA OF TABLE I 








Deviations, z¢ 














Level a0) (2) zi? L(1/e) 4#Z(1/e) 
. Ist 2nd 3rd 4th 5th 

“4 —0.719 —1.052 —1.058 —1.066 —1.064 3.67337 1.132 0.31094 0.3520 
2 +0.695 +0.452 +0.393 +0.383 +0.383 3.15574 0.147 0.30115 0.0443 
3 0.055 —0.454 —0.471 —0.477 —0.476 3.36390 0.227 0.31920 0.0725 
4 —0.963 —1.049 —1.073 —1.073 —1.072 2.83839 1.149 0.44483 0.5111 
5 +1.499 +1.625 +1.586 +1.573 +1.572 3.61719 2.471 0.24083 0.5951 
6 +0.515 +0.170 +0.115 +0.106 +0.107 3.46957 0.011 0.28389 0.0031 
7 +0.776 +0.625 +0.565 +0.553 +0.553 2.89445 0.306 0.31416 0.0961 
8 —2.416 —2.096 —2.227 —2.206 —2.209 4.12329 4.880 0.29889 1.4586 
9 2.553 —2.340 —2.463 —2.447 —2.449 4.91688 5.998 0.24958 1.4970 
10 +0.907 +0.757 +0.695 +0.682 +0.682 3.18502 0.465 0.28801 0.1339 
11 +0.930 +1.325 +1.530 +1.539 +1.540 1.53738 2.23637 2.372 0.42844 ~=—-:1. 0163 
12 +1.384 +2.037 +2.408 +2.433 +2.435 2.15293 3.11965 5.929 0.30469 1.8065 
> 0 0 0 0 +0.002 38.92811 40.59382 7.5865 
Level Numerators Quotients 

’ Ist 2nd 3rd 4th 5th Ist 2nd 3rd 4th 5th 








1840 1902.35 1931.58 1932.11 1932.81 0.055435 0.045197 0.040853 0.040777 0.04067 
1936 1875.32 1896.43 1901.57 1902.44 0.036157 0.044626 0.041548 0.040820 0.040697 
2016 2020.95 2057.07 2058.61 2059.16 0.047123 0.046356 0.040986 0.040764 0.040686 
1353 1425.19 1431.73 1433.55 1433.55 0.062084 0.042698 0.041122 0.040687 0.040687 
2652 2493.85 2480.77 2484.81 2486.16 0.027149 0.039990 0.041223 0.040839 0.040712 
2660 2604.65 2641.67 2647.59 2648.56 0.039474 0.045555 0.041432 0.040793 0.040689 
2240 2166.11 2180.39 2186.08 2187.22 0.033929 0.043604 0.041628 0.040856 0.040702 
x 1838.37 1810.36 1821.80 1819.96 0.073529 0.038224 0.042083 0.040476 0.040731 
2555 2837.24 2813.20 2827.07 2825.26 0.070450 0.039644 0.041808 0.040551 0.040713 
2262 2165.77 2181.57 2188.12 2189.49 0.033156 0.043385 0.041582 0.040849 0.040697 
1311 1230.02 1196.16 1178.70 1177.94 0.018307 0.030800 0.037040 0.040520 0.040677 
2175 2032.98 1967.30 1930.37 1927.89 0.016552 0.028862 0.035940 0.040365 0.040674 


h 21.5693 24.1324 24.5190 24.5776 24.5718 


— et 
NK COO MANOH Pwr 
_ 
fms) 
w 
i] 





Chi-square=7.59, n=11, P=0.75. 


Chi-square was found to be 7.59, which for 11 degrees of freedom cor- 
responds to a probability of about 0.75, so that the table is homogene- 
ous. This means that those factors which differed from trial to trial 
affected the two sexes similarly as to susceptibility to the poison. The 
test on these data carried out by Campbell, Snedecor and Simanton 
was a test of homogeneity of the two sexes separately. It was found 
that the 12 trials were homogeneous for each of the two sexes, and this 
implies the homogeneity of the 2712 table. However, if it had been 
found that the 12 trials were heterogeneous for one or both of the 
sexes, it might still have been that the 2? 12 table was homogeneous, 
and that in addition to the interaction of sex ratio with mortality, 
there was some other factor which varied from trial to trial but which 
affected the mortality of the two sexes similarly. 

The number of figures carried in the arithmetic is probably excessive 
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except for the purpose of illustrating the convergence to the true values 
of the departures. The successive approximations to chi-square are 
6.25, 6.65, 7.60, 7.58 and 7.59, and have been calculated only to illus- 
trate convergence. 


SUMMARY 


A method of successive approximation for finding the R departures 
from expectation in a complex contingency table of the form 2” XR is 
deduced and exemplified, and the calculation of chi-square is illustrated. 
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A COMMON ERROR CONCERNING KURTOSIS 


By Irvine KaPLanskY 
Applied Mathematics Group, Columbia University 


N MANY texts! it is stated that a frequency curve with positive kur- 

tosis is higher in the neighborhood of the mean than the corre- 
sponding normal curve, while one with negative kurtosis is lower. In 
the hope of clearing up this error, we offer in this note four examples 
showing that any combination of peakedness at the mean and kurtosis 
may occur. All four curves are symmetric about z=0, and have been 
arranged to have standard deviation unity; hence they are properly to 
be compared with the unit-normal distribution for which the fourth 
moment yu,=3, and the value at the mean z=0 is 1/./2x =.399. 








1 
(1) P(z) = 3/z (2 + 2)e-*", 
3 a 1 ; 
(2) Ce oe er « G+ 
2\/ 2m 64/7 
(3) R(x) = — (e~2"/4 4 4e-"), 
3/3 


(4) S(z) = (2 + 2)e-B27/4, 





Tr 


In (1), us=2.75, Po =.423. 
In (2), w4=3.125, Qo=.387. 

In (3), w4=4.5, Ro=.470. 

In (4), u4=8/3 =2.667, So=.366. 


1 At the request of the Editor the author has supplied the following examples from authoritative 


volumes. Many others could be cited. 
Kenney, Mathematics of Statistics, part I, p. 106; H. L. Riets, Mathematical Statistics, pp. 71-72; 
Yule and Kendall, An Introduction to the Theory of Statistics, p. 165. 
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ON THE DEATH OF FRANKLIN DELANO ROOSEVELT 


HE DEATH of Franklin Delano Roosevelt was announced just as this 
oo was being made up. We find no words to express our feeling of 
shock and grief. 

It was no accident that the growth of statistical work—in the Fed- 
eral Government and elsewhere—during the past dozen years coincided 
with the forward-looking planning and positive action for which he 
stood throughout his administration, and for which he will continue 
to stand as an inspiring symbol. His services to the people, to the Na- 
tion, and to the world are too familiar to require retelling. 

It is appropriate, however, for us to bring to you, our members, the 
following messages from abroad which have been placed in our hands 
by Stuart A. Rice of the Executive Office of the President, a former 
President of our Association and First Vice President of the Inter 
American Statistical Institute. 

RIO DE JANEIRO, APRIL 13, VIA RCA 
NLT INTERSTIN PARA RICE WASHINGTON DC 


THE BRAZILIAN STATISTICAL SOCIETY EXPRESSES THROUGH YOU TO AMERICAN 
STATISTICIANS PROFOUND SORROW FOR THE DEATH OF THE GREAT PRESIDENT 
ROOSEVELT 

VALENTIM BOUCAS PRESIDENTE 


RIO DE JANEIRO, APRIL 13, VIA RCA 
NLT DOCTOR RICE INTERSTIN WASHINGTON DC 


I ASSOCIATE IN AFFECTION AND SOLIDARITY WITH AMERICAN COLLEAGUES TO 
MOURN DEEPLY GREAT LOSS PRESIDENT ROOSEVELT WHOSE NOBLE IDEALS AND 
UNEXCEEDING DEMOCRATIC VOCATION ENTITLED HIM TO RESPECT AND ADMI- 
RATION OF AMERICA AND THE WORLD 

TEIXEIRA DE FREITAS 
(PRESIDENT, INTER AMERICAN STATISTICAL INSTITUTE 
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BOOK REVIEWS 


GLENN E. McLAvuGHLIN 
Review Editor 


The Advanced Theory of Siatistics, Volume I, by Maurice G. Kendall. Phila- 
delphia: J. B. Lippincott Company. 1944. vii, 457 pp. $16.00. 


This is a big, quarto volume, and it is only the first of two proposed by its 
author. The second volume will deal with estimation, regression, analysis of 
variance, tests of significance, multivariate analysis, statistical inference, 
and time series. This volume includes pretty much everything else one can 
think of under the heading of mathematical statistics. There is, however, 
no special attention to actuarial science, or to applications to industry or to 
psychology. For example, quality control and factor analysis are omitted. 
The apparent intention of the author is to give a mathematical reader a 
pretty complete picture of the mathematical theory. At the close of each 
chapter there are numerous problems, some quite difficult, and a consider- 
able bibliography. After each section of the theory there is an illustrative 
problem worked out in detail. Each section of the theory is in itself well ex- 
plained, and set forth in detail even when such detail is a duplication of 
fairly well known mathematical theory. This has the advantage of making 
the book a complete unit in itself; one does not have to consult a library in 
order to understand what is presented. It has the disadvantage of making 
the book unnecessarily bulky, and it may lead some readers to suppose that 
certain well-known mathematical developments have been specially devised 
for statistical theory. The discussion of the Fourier integral, and of Dirich- 
let’s integral is an instance of this. At the end of the book there are the 
needed tables and a fair index. Unfortunately there is no table of contents. 
Had there been one it would have listed sixteen chapters. Probability theory 
is aptly postponed until the seventh. Distribution theory is handled rather 
thoroughly, and there are the expected chapters on correlation and associa- 
tion. For the most part the exposition is excellent, detailed enough to make 
acceptable reading in an armchair, without being prolix, and certainly with- 
out skipping the difficult parts of the theory. The remainder of this review 
will be devoted to occasional critical remarks that occurred to the reviewer, 
and were noted in the margin, as he read the book through. They will give 
an incorrect impression, however, unless it is added that there were many 
more marks in the margin indicating approval and praise. 

Kendall’s definition of probability (Chapter 7) is multiple. That is, he 
recites many of the well-known definitions. If he could show that these vari- 
ous definitions were equivalent, then in what follows he could logically 
choose one or the other definition as might best suit his purpose, but he 
should not do this without such a proof. It would have been better first to 
have explained them all, as he does, then to have chosen one, and subse- 


261 








262 AMERICAN STATISTICAL ASSOCIATION: 


quently to have pointed out wherein the one he chose failed to satisfy the 
logical requirements of certain situations. He is also sometimes indefinite in 
describing these definitions. He says (p. 171): “It is found in practice that 
there exist selective processes which educe members of a population in such 
a way that the constituent events may be regarded as equiprobable,” but 
does not indicate how it is possible to give meaning to those last five words 
without begging the whole question of what probability means. The diffi- 
culty in defining probability is not the practical difficulty of finding coins or 
other “selective processes” which will behave in certain ways, but rather in 
stating what are the ways in which one would like to have them behave. The 
real question is not whether a given definition “provides a reasonably accu- 
rate picture of the way things happen in the world” (p. 167), but rather 
whether it provides a well defined picture of how we might conceive of 
things happening. On a pinch, one could let the world go if only one could 
find a really satisfactory ivory tower. The general effect on the reader of this 
discussion of probability is that the author is side-stepping the necessity 
either of accepting an undefined element in it or of showing that at least one 
of his definitions will satisfy the ideal requirements. 

“The series in the Charlier form may behave irregularly in the sense that 
the sum of k terms may give a worse fit than the sum of (k —1) terms” (p. 
153). The sum in the Charlier form satisfies the same least square require- 
ments as other bi-orthogonal series, and therefore it is impossible for Ken- 
dall’s statement to be true if goodness of fit is interpreted in the sense of 
weighted least squares, and if the whole infinite interval is considered. His 
statement is true when only a part of the interval is considered, as in ap- 
proximating the terms of a point binomial. 

“A systematic account of the various methods for deriving sampling dis- 
tributions has not been previously given, except . . . Kullback.” This state- 
ment (p. 250) ignores P. R. Rider’s paper in Annals of Mathematics (1930), 
and Wilks’ book (1937). Wilks’ more recent book was evidently written at 
about the same time as Kendall’s and neither author appears to have known 
about the other’s book. 

“When the theoretical proportion in a cell is not }, the binomial distribu- 
tion is skew, and there do not appear to be any simple corrections to com- 
pensate for this effect. The continuity correction . . . is probably best made 
in all circumstances” (p. 303). Since the basic theory of the chi-square test 
for a 2 X2 table is only the summation of a specified set of terms in a point 
binomial, there should be no difficulty about the so-called continuity cor- 
rection whether the point binomial is skew or not; in fact the “correction due 
to Yates” was essentially nothing more than what was involved in the usual 
technique for summing terms of a point binomial by means of the partial 
integral of the normal curve. 

“If the variates are independent they are uncorrelated, but not vice-versa” 
(p. 330). There is an illustration of this, but it would have been more effec- 
tive if the reason had been given. That is, the coefficient of correlation p 
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applies to a linear relationship: if y =z*, the dependence of y on z is com- 
plete, but p is not equal to 0. Kendall’s definition of partial correlation 
(p. 370) is that it is the correlation that exists between two residuals from 
the least-squares regression planes. This is what is sometimes called “net” 
correlation. He omits altogether the rather elegant picture of partial cor- 
relation as the correlation that exists in a plane section of a normal solid. 
It is only in the latter sense that it is literally true that the partial correla- 
tion is (p. 368) “the correlation of 1 and 2 in the sub-population for which 3 
is constant.” He does not therefore exhibit the truth of his remark that 
“such partial correlations bear an obvious analogy to the partial association 
of Chapter 13.” 

“Those distributions for which y:>0 are called leptokurtic, and will, rela- 
tive to the normal curve, be sharply peaked. Those for which y2 <0 are called 
platykurtic and will be flat-topped” (p. 82). This is commonly supposed to 
be true and is implied in the Greek terms, but as a matter of fact, the size 
of y: is more clearly associated with the behavior of the function in the 
neighborhood of infinity than with a superficial appearance of sharpness or 
flatness. For example, the function which equals |z|~*- in (—a, a), and 
equals 0 elsewhere, does certainly appear “sharply peaked,” for it rises to 
infinity at the origin, but by this test it is almost as “flat-topped” as a 
rectangle. Its y: is —1.1; for the rectangle y: is —1.2. As another example, 
the function which equals a~ in (—a, a) and equals z~ elsewhere appears 
“flat-topped,” being constant over the central portion, but its +2 is infinite. 

There are very few misprints, and almost none of these will trouble the 
reader. An exception may be the one on page 319: equation (13.31) should 
read, V? =x?/N. 

Burton H. Camp 

Wesleyan University 


Theory of Games and Economic Behavior, by John von Neumann and Oscar 
Morgenstern. Princeton: Princeton University Press, 1944. xiii, 616 pp. 
$10.00. 


Button, button, who’s got the button?—a game, unless someone peeks. 
Poker—also a game. Tit-tat-toe, or naughts and crosses—not a game. Chess 
—trivial, and entertainment, yes, but not a game! Why not? Because, start 
ing from a given configuration of the chessmen, it is obvious to anyone who 
thoroughly understands the game that A can win, or B can win, or A or B 
can force a draw. The entertainment in playing the game arises from the fact 
that the players do not fully understand what they are doing. Similarly in 
naughts and crosses, or in nimo. In them, as in chess, no probability enters. 
But in button, button, A may flip a coin or choose some system of probability 
to determine which hand he will put the button in. B may likewise adopt 
some system of probability for guessing which hand the button is in. The 
fact that it is B, not A, who is to guess which hand the button is in, affords no 








264 AMERICAN STATISTICAL ASSOCIATION: 


advantage to either player when each makes the most of his opportunities, 
Fair games are characterized by the fact that each player, when he plays his 
best, has a 50:50 expectation, but other expectations are possible and are 
treated. 

In three-handed games it is usually advantageous for a pair of players to 
form a coalition, such as BC vs. A. It is then a two-handed game. C must not 
accept overpayment for his cooperation with B; if he does, A may underbid 
him. The problem of three or more players presents difficulties equal to the 
difficulties seen in three-body and multi-body problems in mechanics. The 
authors have formulated general necessary and sufficient conditions for 
solutions. 

It has been said that the best mathematicians are also the most practical 
people in the world when they set their minds to application. When a mathe- 
matician like von Neumann turns his attention to practical problems, some- 
thing is going to happen. Mathematicians now, as during the past few years, 
are leaving their imprints on techniques in psychology, medicine, marketing 
research, techniques of surveying in social and economic fields, and eco- 
nomics. The results may be expected to remake economic theory. However, 
the reader should be warned that the book under review is really different. 
The usual student of economics, without appreciation for mathematical 
processes and logic, will have difficulty until translations and interpretations 
have been made. 

As the authors say (p. 3) there is no fundamental reason why mathematics 
should not be used in economics. The objections that have been made were 
also made centuries ago in fields where mathematics is now the chief instru- 
ment of analysis (physics, chemistry, biology). Precise measurements of 
energy and temperature in the natural sciences were the outcome and not the 
antecedents of mathematical theory in those fields. The lack of real success 
of mathematics and economics is largely due to a combination of unfavorable 
circumstances, some of which can gradually be removed. For one thing it is 
often not certain just what the problems are, and there is no point in using 
exact methods under such circumstances. But this state of affairs is disap- 
pearing. Concepts are improving, and data are fast accumulating for sub- 
jecting theories to test, thanks to the statisitican who largely through train- 
ing in the mathematical theories of sampling is making it possible to obtain 
data cheaper and quicker than ever before, not just as a mathematical exer- 
cise but to meet the ever-increasing demands of government and industry 
for better information in guiding policy and in the design of machines and 
marketing of products. 

There has existed heretofore no satisfactory treatment of the question of 
rational behavior. In fact, as the authors say (p. 8) it is sometimes claimed in 
the economic literature that discussions on the notions of utility and prefer- 
ence are altogether unnecessary. The authors in this book are attempting to 
obtain a real understanding of the problem of exchange by studying it from 
an altogether different angle (p. 9)—that is, from the perspective of a game 
of strategy. The authors make a definite contribution to economic theory by 
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putting the theory of exchange on a systematic basis for two players—that 
is, producer and consumer. There exists in the literature a considerable 
amount of theoretical discussion purporting to show that the zones of in- 
determinateness (of rates of exchange)—which undoubtedly exist when the 
number of participants is small—narrow and disappear as the number in- 
creases. This would then provide a continuous transition into the ideal case 
of free competition—for a very great number of participants—where all 
solutions would be sharply and uniquely determined. While it is to be hoped 
that this indeed turns out to be the case in sufficient generality, one cannot 
concede that anything like this contention has been established conclusively 
thus far. There is no getting away from it: the problem must be formulated, 
solved, and understood for small numbers of participants before anything 
can be proved about the changes of its character in any limiting case of large 
numbers, such as free competition. 
W. Epwarps DEMING 


Bureau of the Budget 


The Future Population of Europe and the Soviet Union: Population Projec- 
tions 1940-1970, by Frank W. Notestein, Irene B. Taeuber, Dudley Kirk, 
Ansley J. Coale and Louise K. Kiser. New York: Columbia University 
Press. 1944. 315 pp. $2.75. 


This monograph, prepared by a group of scientists working under the 
direction of Dr. Frank Notestein, is unquestionably one of the most im- 
portant contributions to population research made during the present cen- 
tury. It achieves this distinction primarily through the invention and pains- 
taking application of new methods of population projection. It is outstand- 
ing also because of the elegance, clarity, and simplicity of presentation. 

The authors’ intentions cannot be misunderstood. They are not attempt- 
ing to predict actual future events in the sphere of population. The de- 
pendence of the future course of population upon economic, sociological, 
psychological, and political change is clearly recognized. These underlying 
processes are, for purposes of the present study, “avowedly unpredictable.” 
The problem, therefore, is to segregate, for analysis, those factors “that are 
either inevitable or broadly predictable in terms of reasonable inference” 
(p. 19). In developing the framework for projections, two major assumptions 
are made: (1) “that the trends of vital rates up to 1970 will represent 
orderly developments of those in the interwar period” and (2) “that no 
migration takes place over the 1937 national borders of Europe between the 
base censuses and 1970” (p. 20). The resulting projections, therefore, must 
be accepted as showing the population, not as it will be, but as it would be 
if these two assumptions were proved valid and if there were no disturbing 
influences. When disturbing influences manifest themselves—as they must— 
the projections can readily be modified. 

The projection procedure is the standard one of advancing “the popula- 
tion reported at the last census appropriately in age, subtracting estimated 
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deaths and adding estimated births” (p. 21). The methodological innovation 
is in the techniques devised for estimating future deaths and births. 

The techniques for estimating deaths and births are based on similar 
concepts, but differ in the details of procedure. Life table death rates for a 
given country are projected into the future by extending the last observed 
value along a “smooth curve.” The “smooth curve,” for a given age-sex 
category, is derived on the basis of the total experience of European coun- 
tries for which life tables were available for 25 or more years, plus Australia 
and New Zealand. Analysis of this total experience leads to two generaliza- 
tions (1) that “the downward slope of the death rate was closely and posi- 
tively correlated with the height of the rate;” and (2) that “the height-slope 
relation was substantially independent of time” (p. 22). In other words, 
high death rates may, on the basis of past experience, be expected to decline 
rapidly; low death rates slowly. “The essence of the procedure was to rank 
all of the available rates from high to low, irrespective of the dates to which 
they refer, to divide them into segments to which straight lines were fitted, 
and to connect the segments” (p. 183). For the final segment, “an exponen- 
tial curve was used to keep the proportion of the decline, rather than its 
amount, constant, the proportion used being that of the straight line at the 
origin” (p. 185). 

Estimating fertility presented a much more difficult problem, partly be- 
cause of the lack of reliable data extending into the past, partly because the 
orderly underlying process (the trend) was obscured by more violent short- 
term fluctuations, partly because the height-slope relationship did not seem 
to be independent of time. An attempt was made to determine the “under- 
lying slope” as of 1930 by examining differences in age specific fertility rates 
of the twenties and thirties. Rectangular hyperbolas were selected as the 
mathematical form for projecting rates from the base period. 

Thus, in respect both to mortality and fertility, total European experi- 
ence, as manifested in height-slope relationships, is utilized in the projec- 
tions. In the case of mortality, these relationships are conceived to be inde- 
pendent of time, “time” being defined as extending backward to about 1870. 
For fertility, however, “time” is given a more limited span, covering only the 
twenties and thirties. 

To the present reviewer, the main value of the monograph lies in the points 
developed above. An important conceptual framework has been developed. 
Assumptions on which projections from this framework are made are clearly 
and unequivocably stated. An important empirical generalization has been 
made regarding the height-slope relationships in mortality. A comprehensive 
treatment of the historical development of population estimates is included 
in an appendix, and the relationship between the present estimates and 
those made by other investigators for the same areas is carefully analyzed. 

The mathematical form of the empirically determined curves used may 
perhaps be open to question. The authors themselves suggest, for example, 
in regard to fertility, that the rationale for the use of exponential curves 
“would have been more clear-cut than that for using hyperbolas” (p. 194). 
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The specific findings of the inquiry regarding the future population of Eu- 
rope and the Soviet Union may also be open to question, but questions on 
this point should not properly be raised until either future experience or 
more intensive analysis of the past has demonstrated the invalidity of the 
expressed assumptions. In respect to testing their assumptions by applying 
the projection technique to past experience, the authors could have gone 
further than they did. The main test presented is an analysis of the “predic- 
tion” of recent life expectancies at birth from past mortality tables, for 
twelve “selected” countries, without explanation of the basis of selection 
(pp. 25-26). These show deviations of prediction from observation amount- 
ing to 8 per cent in one case, 3-6 per cent in five cases, 1-2 per cent in three 
cases and 1 per cent or less in three cases. To the reviewer, some of these 
deviations seem rather large, especially in view of the admission by the au- 
thors that “the test is not a rigorous one since the projection system was 
based in part on the same tables and since the expectation of life at birth 
is an average figure that conceals compensating errors” (p. 26). Finally, since 
the method is essentially empirical, more intensive analysis of the extent 
and nature of the reliability of the basic data would have been beneficial to 
other workers in the same field. 
Dororay 8S. THomas 


University of California 


The Psychology of Invention in the Mathematical Field, by Jacques Hada- 
mard. Princeton: Princeton University Press. 1945. xiii, 143 pp. $2.00. 


Professor Jacques Hadamard, generally considered one of the greatest liv- 
ing mathematicians, was inspired to consider his present subject by Henri 
Poincaré’s famous lecture. The title of his well-documented study indicates 
its interest for psychologists and mathematicians, and even the layman may 
profit by an acquaintance with the essential qualities of a man of outstanding 
talent. Reading this book gives the experience of intimate contact with a 
rich intellect of the highest order, a sort of adventure that is rare and un- 
forgettable. Certainly Professor Hadamard’s introspection furnishes a docu- 
ment important to intellectual history. 

Even the psychologists who scorn introspection most bitterly must admit 
its suggestive value to science. Some of the mathematicians quoted in the 
book may indeed be mistaken about their own mental processes, but their 
evidence sets important problems for psychologists to solve. The function of 
the unconscious, the use of words and other signs as aids to thought, the 
place of logic and of “intuition,” and the influence of possible applications of 
discoveries are among the stimulating questions raised. 

The misspelling of the name of Professor Jesse Douglas, and a few other 
small errors, should have been corrected by the editors. The influence of 
French locutions is apparent in places, occasionally to such an extent that 
one gains a clearer understanding of the text by translating the English into 
the French expression it suggests. No matter what language an author uses, 
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however, it remains true that “le style, c’est l">homme’”’ and the writing indi- 
cates a clear-thinking, utterly unassuming author. Many more examples are 
given of results the writer failed to achieve than of his important contribu- 
tions. Certain practical hints for anyone contemplating a research career 
appear from time to time. 

For the practical statistician, who doubts he can spare the time for the 
cultural experience of reading the present book, a good plan would be to try 
Professor Hadamard’s Calcul des Probabilités instead. That way he could 
learn something of the branch of mathematics that is basic to statistics 
while he is admiring the quality of the author’s intellect. 

Susanna P. Hore line 


Mountain Lakes, New Jersey 


Demobilization of Wartime Economic Controls, by John Maurice Clark. A 
Research Study of the Committee for Economic Development. New 
York: McGraw-Hill Book Co. 1944. vii, 203 pp. $1.75. 


Professor Clark has treated all phases of the reconversion process from 
spot authorization to the eventual attainment of a balanced high output 
economy, and the most diverse aspects of the problem, from freight rates 
to the role and limitations of deficit financing. This is too broad a field to be 
covered in 200 loosely written pages, but the author has done as weil with 
his assignment as could be hoped, and it will probably remain the best gen- 
eral discussion to be published before the critical period ahead of us. The 
volume should constitute a very useful survey for those who have only a gen- 
eral interest in the subject as well as a highly suggestive statement of guiding 
principles for agencies responsible for the liquidation of economic controls. 
The author’s remarks on the need for a speedy reconversion, on production 
quotas and the maintenance of competition, and a host of other administra- 
tive problems, while well taken, defy condensation, and it will be more use- 
ful to summarize his analysis and recommendations in the important matters 
of price and wage controls and governmental fiscal policies. 

Professor Clark recognizes that pressures during the reconversion period 
may be either inflationary or deflationary or both, and that the ultimate 
dominance of one or other of these forces will depend on the timing of the 
production cutbacks, on governmental policy especially in the early stages, 
and on public psychology. On balance he expects the net trend to be infla- 
tionary, and since no set of policies can be expected to strike an exact 
balance between the opposing forces of inflation and deflation, he has no 
serious objection to a moderate additional inflation, up to about 140 per cent 
of prewar prices, provided that the gain from such additional inflation accrue 
to those groups which in relative terms have suffered most from the 25 per 
cent price increases we have so far experienced. This reviewer is inclined to 
believe that further inflation would be more likely to protect or enhance the 
relative position of those who have so far been the chief gainers in the in- 
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flationary movement, but perhaps even this development is preferable to the 
dangers inherent in any attempt to depress prices and costs towards prewar 
levels, when production delays would have the most serious consequences. 
Equity considerations can probably be satisfied in the longer run if our 
economy retains any flexibility at all. 

Professor Clark urges that production and price controls be retained until 
civilian production is well under way. Large-scale cutbacks may at first 
give rise to material surpluses and softening of prices in some lines, thus 
encouraging the premature abandonment of existing controls, but these 
trends are expected later to give way to embarrassing shortages and inven- 
tory speculation. In the absence of adequate controls, we may experience a 
serious inflation until world market prices begin to react on domestic prices, 
resulting in a severe deflation on the 1920-21 model. 

The policy of the government, as of labor unions, should be to work for 
increases in basic wage rates to offset the loss of overtime, but only to the 
extent justified by the productivity of labor and by prices of civilian goods. 
To set wages at a higher level would involve higher prices, at least at first, 
or would price labor partly out of the market. During the war, wage rates 
have got out of line with productivity and prices in civilian items—though 
how seriously will not be evident until some years after the war. The author 
urges a thorough study of wartime changes in productivity and the wage 
structure, with particular reference to the price structure which shall be 
considered most satisfactory to postwar conditions, “with due regard to the 
prima facie advantages of accepting a level which comes about through 
forces actually prevailing in the markets.” 

With some reservations Professor Clark does not foresee an acute defi- 
ciency of purchasing power at any stage of the reconversion period. During 
the three to five year transition period, demand will be adequately sustained 
by capital expenditures for retooling, inventory accumulations, and deferred 
maintenance, and, later in the period, by the deferred demand for durables 
and the revival of the construction industry. Consumer expenditures will be 
supported by demobilization benefits and unemployment compensation and 
by the availability of wartime savings. Foreign purchases are not properly 
weighted as a source of demand, though there are occasional references to 
the need for clarifying lend-lease obligations and for facilitating a healthy 
volume of capital export in the postwar years. Throughout the period we 
should be prepared to incur further deficits to the extent that the mainte- 
nance of consumer buying power requires such stimulants, but Clark does 
not consider deficit financing to be a satisfactory long-run solution to our 
major economic problems. If the author has based his conclusions on a quan- 
titative evaluation of these sources of demand as offsets to the expected de- 
clines in government purchases, he has not submitted the evidence in this 
volume, and specifically urges (p. 108) statistical studies of this character 
on the governmental agencies in possession of the pertinent basic informa- 
tion and the resources to conduct such studies. If it is proper to judge statisti- 
cal activities by published output, there is considerably more interest in the 
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compilation of national production budgets for a year safely remote from 
the difficulties of the transition period. 

Professor Clark’s book was completed in the fall of 1944. At that time it 
was believed that reconversion, or at least the tooling-up stage, would begin 
before V-E Day and that there would be a second reconversion phase lasting 
a year or more, during which war production would be cut by 30 to 50 per 
cent, while fighting continued in the Pacific, His analysis and recommenda- 
tions have in general been based on this assumption. The prolongation of 
the war in Europe and the speed-up of operations in the Pacific have since 
eliminated phase I and promises so to telescope phase II, that our problems 
may well be similar to those of a single demobilization. The author indicates 
that the reconversion problem would be considerably more difficult under 
these circumstances, but it is not clear that he would want to revise his 
recommendations in any important respect. 

No one will put down this book with the feeling that the reconversion job 
will be an easy one. In the interests of clarity and conciseness, many of the 
author’s reservations and qualifications had necessarily to be omitted from 
the present review. In his own words “we had better not start with the ex- 
press expectation of muddling through, because this coming crisis will not 
permit as much muddling as earlier crises which we have survived. Coming 
through in recognizable shape is a possibility, not a certainty. Catastrophe 
is also possible.” There is in his analysis little comfort for those who believe 
that the adjustment process can be safely left to competitive forces, or the 
political pressure of monopolistic groups, and that all will be made right by 
the proper dose of government expenditures. 

FrepERIcK M. Cone 


War Production Board 


Tin under Control, by K. E. Knorr. Stanford: Stanford University Press. 
1945. xi, 314 pp. $3.00. 


This volume presents a systematic investigation of the operations of the 
International Tin Control Scheme, and includes a valuable description of 
the tin industry as well as a searching analysis of its future. Because of 
the present interest in the role of international cartels in the postwar world, 
Mr. Knorr’s study of the international control of an important metal is 
particularly timely. 

The world tin industry has been well suited to the establishment of pro- 
ducers’ control. For one thing, a large part of tin output (both ore and 
smelter) has been concentrated in a few countries, and in a small group of 
companies with a high degree of financial integration. Furthermore, the na- 
tions controlling tin production have consumed relatively little of this metal, 
while the major consumer—United States—has produced almost none at 
all. This has meant that the usual domestic clash of producing and consum- 
ing interests has been unimportant, and that such rivalry appeared mainly 
in the international field. Moreover, the demand for tin is relatively price- 
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inelastic, since other materials cannot readily be substituted for it and since 
the cost of the tin forms only a small part of the total cost of the end-prod- 
ucts into which it enters. Consequently, high prices could be maintained 
without fear of a substantial decline in sales. Again, tin is a relatively uni- 
form product, which makes price and production control relatively simple. 
Finally, control is facilitated by the fact that for the most part tin is not a 
joint product, and output is therefore largely independent of that of other 
metals. 

This situation has invited efforts to bring about a world combination of 
tin producers. The issue was forced by sharply declining consumption in the 
early years of the Great Depression. After some experimentation with volun- 
tary output restrictions in 1930, the International Tin Control Scheme was 
instituted in 1931. At the outset the ITCS included the Federated Malay 
States, the Netherlands Indies, Bolivia, and Nigeria. Thailand came in later 
in 1931, and French Indo-China, the Belgian Congo, Portugal, and England 
joined in 1934. These countries produced 83 per cent of the tin ore in 1939. 
The first agreement, which ran for the two years, 1931-33, was twice re- 
newed for three year periods. However, because of the war, the third agree- 
ment expired without renewal. A fourth agreement, retroactive to January 1, 
1942, and to remain in force until December 31, 1946, was signed in Septem- 
ber 1942. Since no restriction of output in the tin resources remaining under 
the control of the United Nations was contemplated during this period, the 
fourth agreement was made with the aim of preserving the ITCS machinery 
for purposes of postwar control. All the agreements had compulsory legisla- 
tive support in the producing countries. 

The ITCS was organized and is controlled by tin producers and tin produc- 
ing countries. The stated objective of this organization has been to prevent 
sharp fluctuations in the price of tin and to secure a “fair” price for the 
producers. Equilibrium between production and consumption was to be 
achieved by the substitution of a tight restriction scheme for a free market. 
However, production quotas as an instrument of control have had to be 
supplemented by a special buffer stock of tin three times since the ITCS was 
instituted. 

Mr. Knorr concludes on the basis of his analysis of this whole situation 
that the ITCS efforts to reduce price fluctuations were a failure, but that it 
did succeed in maintaining high average prices for tin. These prices made 
the industry profitable for all producers including the high cost plants that 
represented surplus output capacity. Producers’ gains were, of course, made 
at the expense of the consumers: the extra profits made by tin interests in 
England, Holland, Belgium, and Bolivia were to a large extent paid for by 
United States consumers. 

Following a postwar transition period, tin consumption is expected by 
Mr. Knorr to be not much above the average level of consumption in the 
late 1930’s. He believes that any increase in new uses will be more than 
offset by greater economy in old uses, as a result of the experience obtained 
from the drastic conservation measures invoked during the war. On the 
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other hand, taking into account the wartime expansion of capacity in Africa, 
the rehabilitation of the Far Eastern tin mines would bring capacity back at 
least to the peak level of 1941. These developments would, once again, pose 
to the industry the question of restoring output control or facing depres- 
sion. Mr. Knorr is of the opinion that tin capacity should be reduced by 
eliminating the high cost mines. He doubts, however, that the necessary 
steps will be taken under any control scheme, and believes that the elimina- 
tion of a substantial number of obsolete units can be accomplished only 
under conditions of unhampered competition. 

If control is re-established after the war, it will have to be considerably 
different from that exercised in the prewar period. The termination of hostili- 
ties will probably find the United States with a large stockpile of tin metal 
and concentrates and plant capacity for smelting large quantities of ore. 
The stockpile cannot last indefinitely and the smelter may not be able over 
a long period to compete successfully with foreign smelters, because of the 
unavailability of high grade ores. But these assets will represent great bar- 
gaining power which the United States can use to gain authority in any con- 
trol organization that may be established. It is also unlikely that in setting 
up controls the tin producing countries will disregard the postwar political 
prestige not only of the United States, but of the Soviet Union, another im- 
portant consuming nation which produces very little tin. Thus tin producers 
after the war will doubtless yield some of their authority to tin consuming 
nations, and it is probable that a more equitable policy will prevail. How- 
ever, Mr. Knorr believes that whatever the scheme, it will be inferior to a free 
tin market—to him the best mechanism for attaining the optimum use of tin 
resources. 

Mr. Knorr has made an important contribution to the study of the world 
tin industry and to the problem of postwar materials controls. He has treated 
each phase of the subject thoroughly and with understanding. His early 
chapters dealing with the sources and conditions of supply and the nature of 
demand are sufficiently detailed to provide a background for the later chap- 
ters dealing with the ITCS. His history of the tin cartel is comprehensive 
and his appraisal of its activities penetrating. His judgments regarding the 
postwar period seem plausible. Mr. Knorr’s investigation will be of value to 
students of tin, and adds an outstanding case study to the existing literature 
on international cartels. 

JuLius SHISKIN 


War Production Board 


The Cotton Textile Industry of Fall River, Massachusetts, A Study of Indus- 
trial Localization, by Thomas R. Smith. New York: King’s Crown Press. 
1944. x, 175 pp. $2.00. 

Considerable new material has been brought to light in a description of the 
industrial birth of one of our basic industries contained in a book recently 
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published outlining the rise and decline of Fall River as a cotton manufactur- 
ing center. This book explains how local entrepreneurs with only moderate 
amounts of capital obtained from farming and fishing, with control over an 
excellent water power site, were able over a period of about fifty years to 
develop Fall River so that it became the largest cotton manufacturing city 
in the United States. The decline of this city to the unimportant position it 
occupies in the industry today is an outstanding example of the far-reaching 
results growing out of shortsighted policies of management and labor oper- 
ating in a highly competitive industry under social legislation, which, at 
least from hindsight view, seems to have been years ahead of its time. 

In the development of his thesis, the author has traced the growth of the 
industry from its early beginnings at the falls of the Quequechan River 
starting in 1813, has delved into records over a hundred years old at the 
local libraries and followed through by interviewing the surviving operators 
and many others having an intimate knowledge of the city’s history. One 
finds considerable interest in the names of the original founders, many of 
which became attached to mills which grew and prospered and then finally 
succumbed to competitive pressure. 

While only incidental to the main theme, the story also includes a history 
of the “Iron Works,” which were so closely tied up with the initial success of 
the city’s largest enterprise—the American Printing Company. Moreover, 
the author also describes the control that these owners exercised over local 
machinery manufacturers, none of whom apparently could see the hand- 
writing on the wall. When the puzzle is fitted together, it becomes apparent 
that the structure was dependent on a weak foundation and would inevita- 
bly collapse. 

What later became the city of Fall River, with a population of 115,000, 
was only a village of less than 100 inhabitants in the year 1800. Situated at 
the head of Narragansett Bay, with excellent water transportation and 
power facilities and a climate ideal for cotton manufacturing, Fall River 
had many advantages over rival locations elsewhere in New England, thus 
making it relatively easy for this to become the country’s leading textile 
center. Full maturity was reached in 1900 when the industry had approxi- 
mately 100,000 cotton looms in place, or about 22 per cent of the looms in 
the United States at that time. 

As water power was replaced by steam, humidification systems were in- 
troduced into cotton mills, and other transportation systems developed that 
were just as satisfactory and convenient as boats. The natural and geo- 
graphic advantages that Fall River thrived on were left behind in the tough 
struggle for survival, which continued through the first three decades of the 
twentieth century. The new competitive pressure enphasized the need for 
modern high-speed automatic machinery, as well as up-to-date merchandis- 
ing methods and, in addition, played up the temporary advantages of lower 
wage rates and taxes. 

However, the death knell had been sounded and liquidation set in fairly 
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rapidly after the financial collapse of 1920. As the author points out, while 
“some corporations made a considerable effort to modernize after 1924, it 
was then too late to cope with the twin burden of inefficient equipment and 
a highly competitive staple product. 

James G. TORRENS 


War Production Board 


Family Behavior, Attitudes and Possessions, by Milton Blum and Beatrice 
Candee. New York: The John B. Pierce Foundation. 1944. 209 pp. $3.00. 


This book is the fourth volume dealing with the Foundation’s research in 
Family Living as the Basis for Dwelling Design and is devoted to four areas 
of family living; namely, sleeping, washing, dressing, and elimination. These 
areas of living were studied in sixty-five families living in apartments and 
sixty-six families of the same income group who own their own homes. 

Beyond what interest it has for those designing houses for sale or rent, the 
book will be of interest to those engaged in social research especially because 
it is illustrative of the use of projective techniques to round out the picture 
gained through the more common techniques of questionnaires, logs and 
direct observation. Though the sample is narrow, we are told that the find- 
ings therefrom are to be reinforced by similar studies now in progress in other 
communities. 

The basic unit studied by Blum and Candee is the family and there is 
much in the reported findings and their suggested implications to interest and 
challenge any who are interested in family problems. The psychologist and 
sociologist will be interested not only in methodology but also in the sug- 
gested relationship of type of dwelling to child development, apparent inter- 
relation of marital adjustment and importance of dwelling, and other psycho- 
logical implications in the comparison of home owners and apartment dwell- 
ers. 

The report of this research makes easy and interesting reading. The 
graphical representation and tables are kept simple. For those interested in 
the technical aspects Appendix A, B, and C will be valuable. In Appendix A 
are reproduced all the forms used in the study. In the second appendix is 
organized the “evidence for special problems on redesign of space for living” 
growing out of this study, while in Appendix C are summarized the data 
from this research “usable for design.” The authors close their report with a 
considerable number of suggestions for extending the reported research. 

Mary V. LoupEN 


University of Pittsburgh 
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